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ABSTRACT 
 
Stroke is a major cause of disability worldwide.  Poor mobility, specifically the 
inability to walk and low levels of physical activity, as a result of stroke, leads to 
decreased participation in the community, reduced quality of life and increased risk 
of recurrent stroke.  The aim of this thesis, therefore, was to enhance mobility 
outcomes after stroke by facilitating education of physiotherapists, physiotherapy 
students and stroke survivors.  Specifically, this thesis aimed to increase knowledge 
of physiotherapists about walking outcome after stroke; increase physiotherapy 
student skills in training walking after stroke; and finally increase physical activity in 
stroke survivors via self-management.   
 
Study 1 was a systematic review and meta-analysis of studies which examined the 
likelihood of regaining independent walking in stroke survivors who were initially 
non-ambulant.  It determined the likelihood of non-ambulatory stroke survivors 
regaining independent walking at 3-months, 6-months and 12-months, in both acute 
and rehabilitation units.  This study found that 60% of initially non-ambulatory 
stroke survivors managed in a rehabilitation unit regained independent walking at 3 
months and this increased to 65% by 6 months after stroke.  In an acute unit only 
39% of initially non-ambulatory stroke survivors regained independent walking at 3-
months.  This increased to 69% at 6 months after stroke. 
 
Study 2 was a controlled study examining the effectiveness of e-learning in teaching 
physiotherapy students the practical skills related to training walking after stroke.  It 
compared e-learning as an adjunct to usual teaching, with usual teaching alone.  The 
results indicated that e-learning improved physiotherapy students’ ability to 
implement practical skills effectively, as well as their ability to provide a rationale 
for the practical skill.  Students also perceived the e-learning resource to be very 
useful for learning the practical skills related to rehabilitation of walking after stroke.  
 
-vii- 
Study 3 was a single-group Phase I feasibility study.  It investigated whether a 3-
month, home-based, self-management program was feasible and potentially effective 
for increasing physical activity after mild stroke.  Self-management was found to be 
a feasible strategy for increasing physical activity. The results also suggested that 
self-management can increase the proportion of participants who complete 30 
min/day of moderate activity, as well as the average amount of time spent in 
moderate physical activity/day.  Self-management can also improve self-efficacy for 
exercise, walking ability, participation and quality of life, but cardiovascular risks 
were unchanged.   
 
A majority of people regain the ability to walk after stroke, but there is still scope to 
improve this outcome by implementing effective walking interventions, and to 
further enhance mobility by increasing the amount of physical activity completed by 
stroke survivors.  Physiotherapists should utilise the increased knowledge regarding 
prognosis of walking after stroke to provide early and accurate education and goal 
setting for patients, and to more effectively allocate resources during stroke 
rehabilitation.  Physiotherapists working in higher education should consider the use 
of e-learning as an adjunct to usual teaching, to enhance learning of the practical 
skills related to training walking after stroke in physiotherapy students.  Finally, 
educating and empowering stroke survivors themselves, via self-management, may 
be a promising strategy for increasing physical activity, and optimising mobility after 
stroke, therefore should be further investigated.  
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CHAPTER 1 
INTRODUCTION 
RATIONALE 
Each year 16.9 million people suffer a stroke worldwide, causing a total of 5.9 
million deaths, ranking stroke as the second highest cause of death globally after 
ischaemic heart disease (Feigin et al, 2014).  In 2010, the global prevalence of stroke 
survivors was estimated to be 33 million, resulting in an estimated loss of 102.2 
million disability adjusted life years (Feigin et al, 2014).  In the western world, 
stroke is the third most common cause of death and the most common cause of long 
term adult disability (Bath 2005).  The problem of stroke in Australia is consistent 
with the rest of the western world.  The number of people living with stroke in 
Australia has increased to 420,000; two thirds of whom live with significant 
disability (Deloitte Economics, 2013).  Stroke cost Australia an estimated $5 billion 
in 2012 (Deloitte Economics, 2013), double the estimated cost a decade ago (Dewey 
et al, 2003), and it is highly likely that with the ageing population, these figures will 
increase substantially.  It is estimated that by 2032 there will be around 709,000 
Australians living with stroke (Deloitte Economics, 2013).   
 
A large proportion of the cost is due directly to reduced mobility caused by stroke.  
Decreased mobility can have a significant effect on a person’s ability to participate 
in activities of daily living, thereby resulting in the need for at-home or residential 
care (Sommerfeld and von Arbin, 2001).  Reduced mobility has been correlated with 
a substantial loss of independence (van der Port et al, 2006), and both the inability to 
walk, and low physical activity after stroke have been correlated with participation 
restrictions (Sommerfeld and von Arbin, 2001; Alzahrani et al, 2011).   
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It is estimated that 60-70% of patients are either unable to walk or are dependent on 
assistance to walk initially after a stroke (Jorgensen et al, 1995; Skilbeck et al, 1983; 
Wade, 1985).  A person’s ability to walk after stroke is highly correlated with 
discharge destination after hospitalisation (Sommerfeld and von Arbin, 2001); stroke 
survivors with poor walking ability are more likely than others to be discharged to 
residential care.  This has a personal, social and economic cost.  Residential care 
costs are extremely high, and combined with hospitalisation, account for the bulk of 
the health cost related to stroke in Australia (Dewey et al, 2001).  In 2001, for the 
first year after stroke the cost for residential care in Australia was estimated at 63 
million dollars (Dewey et al, 2001).  For stroke survivors who are able to walk and 
return to living in the community, slower walking speed and decreased ability to 
ascend and descend stairs has been correlated with reduced participation in leisure 
activities (Alzahrani et al, 2010), which has the potential to lead to social isolation.   
 
Poor mobility is also related to a lack of regular physical activity by stroke 
survivors; this population has physical activity levels that are very low, (Alzahrani et 
al, 2009) and very few stroke survivors meet the Australian National physical 
activity guidelines of “at least 30 minutes of moderate-intensity physical activity on 
most, preferably all, days of the week” (Department of Health, 2014).  Stroke 
survivors who are not physically active are at risk of further stroke and other chronic 
cardiovascular conditions.  While there has been an increase in the availability of 
exercise services for stroke survivors (e.g. the Heartmoves program offered by the 
Heart Foundation), stroke survivors rarely take up these opportunities (Nagel et al, 
2009).   
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Physiotherapists working in stroke rehabilitation have an important role in reducing 
activity limitations after stroke, improving mobility, including walking and physical 
activity, and thereby reducing the subsequent economic and social burden of stroke.  
Underpinning this role is knowledge and education - of physiotherapists, 
physiotherapy students and the stroke survivors themselves.  Currently, there is a 
growing body of evidence for the effectiveness of various interventions in improving 
mobility outcomes after stroke (Tilson, 2008), but at the time of planning this thesis, 
in 2010, there was no systematic evaluation of the probability of patients regaining 
the ability to walk.  People fear losing independence more than anything else 
(Solomon et al, 1994) and the ability to walk promotes independence, therefore 
walking becomes a high priority for stroke survivors (Tilson, 2008).  Prognostic 
information regarding walking ability would contribute to physiotherapists’ ability 
to make sound clinical decisions in the rehabilitation of people after stroke.   
 
There was also no evidence in 2010 regarding how effectively physiotherapy 
students are taught the practical skills that would enable them to successfully train 
mobility in patients after stroke.  Anecdotal reports from physiotherapy students, 
physiotherapy clinical educators and academics, suggest that physiotherapy students 
find training mobility, and in particular walking, after stroke difficult. Given the 
volume of evidence about the effectiveness of walking interventions in improving 
outcomes for stroke survivors, it is important that physiotherapy students are 
learning these strategies safely and competently.  
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Finally, stroke survivors themselves need to develop knowledge and skills in 
managing their own health to optimise rehabilitation outcomes, to improve walking, 
increase physical activity, reduce the risk of recurrent stroke and other 
cardiovascular conditions, and to minimise social isolation.  Knowledge about stroke 
is poor in stroke survivors (Kothari et al, 1997; Pancioli et al, 1998; Parahoo et al, 
2003), and lack of knowledge may lead to sub-optimal, or inappropriate health 
behaviours, so health education regarding stroke is important (Croquelois, 2006; 
Sappok et al, 2001).  
 
This thesis aims to enhance mobility outcomes after stroke by facilitating education 
in three ways: firstly by adding to the body of knowledge regarding walking 
prognosis after stroke, secondly by evaluating educational practices for 
physiotherapy students in relation to managing walking after stroke, and thirdly by 
empowering stroke survivors to become more physically active. 
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INCREASING KNOWLEDGE FOR CLINICIANS ABOUT PROGNOSIS OF 
WALKING AFTER STROKE 
The ability to regain independent walking after stroke is of great importance to 
patients and health care providers alike.  Often after stroke, the probability of 
walking again is the first question that patients ask of health care providers.  
Regaining the ability to walk is a major determinant of a person’s ability to 
participate in activities of daily living and therefore of discharge destination 
(Ekstrand et al, 2008).   
 
In 2010, there was no systematic evaluation of the likelihood of patients regaining 
independent walking after stroke.  Knowing the probability of regaining walking for 
patients who are initially non-ambulatory would contribute to the process of triaging 
patients in acute units to home, rehabilitation or a care facility, and allow for 
targeted intervention and allocation of resources. It would also facilitate education of 
family and carers regarding general expectations of walking outcome and provide a 
benchmark for walking outcomes with which to compare control and intervention 
group results in stroke rehabilitation research.   
 
Walking prognosis is relevant for people who are initially non-ambulatory after 
stroke because people who are unable to walk require extensive financial and 
physical resources.  However, there are challenges associated with prognostic 
research because there is no consensus on the criteria for assessing quality of 
prognostic studies (Altman et al, 2001).  At a minimum, it is recommended that a 
prognostic study must be prospective, consecutive, and assembled at a common 
point in the course of the health condition to ensure that the study sample includes 
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the key characteristics that are representative of the population being studied 
(Altman et al, 2001; Hayden et al, 2006; Moon et al, 2009).  It is also recommended 
that any loss to follow-up is minimal and not associated with the key characteristics 
of the population being studied (Altman et al, 2001; Hayden et al 2006); and that 
outcome measurement is objective, fully defined and appropriate for the variables 
being examined (Altman et al, 2001).   
 
There are 6 prospective, consecutive prognostic studies which specifically examine 
non-ambulatory stroke survivors in the first month after stroke to determine the 
likelihood that these patients will regain independent walking (Friedman, 1991; 
Olsen, 1990; Paolucci et al, 2008; Petrilli et al; 2002; Singh et al; 2006; Viosca et al, 
2005).  A summary of these studies is presented in Table 1.1.   
 
Table 1.1 Summary of prognostic studies of non-ambulatory stroke survivors on 
walking outcomes 
Author/s Participants Measurement Defn amb Walking outcome (% independent) 
    3 months 6 
months 
12 months 
Friedman, 1991 n = 113 
Age = 74 (SD 6) 
Gender 62 M, 51 F 
Walking speed Walking speed > 
0.150 m/s 
43% 57% - 
Olsen, 1990 n = 72 
Age (yr) = 68 (SD 10) 
Gender = 39 M, 33 F 
5 point custom 
made scale: 
w/o assist (human)  
Custom scale score 5 
32% - - 
Paolucci et al, 2008 n = 437 
Age (yr) =68 (SD 13) 
Gender = 260 M, 240 F 
Custom made 
scale 
w/o assist (human) 55% - - 
Petrilli et al, 2002 n = 93 
Age (yr) = 65  
Gender 46 M,  47 F 
Custom made 
scale 
10m w/o assist 
(human) 
87% - - 
Singh et al, 2006 n = 255 
Age = 57 (SD 9) 
Gender = 147 M, 108 F 
FIM standby assistance 
(human)  
FIM 5-7 
77% - - 
Viosca et al, 2005 n = 26 
Age = 70 (SD 9) 
Gender = 15 M, 11 F 
Modified FAC w/o assist (human)  
Modified FAC 2-5 
79% - 92% 
n = number of non-ambulatory participants; FIM = functional independence measure; MAS= Motor Assessment for Stroke FAC = Functional 
Ambulation Classification 
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Optimistic results were found in 3 of these studies (Petrilli et al, 2002; Singh et al, 
2006; Viosca et al, 2005), with a reported 70-87% of non-ambulatory patients 
regaining independent walking by 3 months after stroke.  However, the remaining 
studies demonstrated more moderate probabilities of regaining independent walking, 
ranging from 32% (Olsen, 1990) to 55% (Paolucci et al, 2008).  The majority of 
these studies utilised customised scales to measure walking ability (Olsen, 1990; 
Paolucci et al, 2008; Petrilli et al, 2002; Viosca et al, 2005), although one study used 
the Functional Independence Measure (Singh et al, 2006) and one used walking 
speed (Friedman, 1991).  Most studies defined a patient as ambulatory once the 
stroke survivor was able to walk without human assistance, although manual 
assistance was acceptable (i.e. use of walking aids and orthoses).  One study defined 
stroke survivors as ambulatory once they could walk faster than 0.150 m/s 
(Friedman, 1991).  For stroke survivors to be able to walk outside the home 
environment at least some of the time, a speed of 0.4 m/s is required (Perry et al, 
1995), and to be fully independent in walking in all community contexts, a speed of 
0.8 m/s is required (Hill et al 1997; Perry et al 1995).  As such, a speed of 0.15 m/s 
reflects a low standard of walking ability.  This definition has the potential to 
exaggerate the likelihood of non-ambulatory patients regaining independent 
walking, but despite this, Friedman (1991) only found 43% of stroke survivors had 
regained independent walking ability at 3 months after stroke.  Singh et al (2006) 
allowed stand-by assistance from another person in their definition of ambulatory, so 
this is likely to account for the higher probability of regaining independent walking 
reported (77%), because some stroke survivors defined as independent in this study 
would not have been in the remaining studies.  
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There are also a number of prospective, consecutive studies investigating outcomes 
of both ambulatory and non-ambulatory patients within a month of stroke, where 
data regarding walking outcome are reported for the sub-set of non-ambulatory 
patients (Jorgensen et al, 1995; Kuys et al, 2009; Minelli et al, 2007; Piron et al, 
2005; Reid et al, 2010; Wade et al, 1985).  A summary of these studies is included in 
Table 1.2.   
 
Table 1.2 Summary of prognostic studies of ambulatory and non-ambulatory stroke 
survivors on walking outcomes 
Author/s Participants Measurement Defn amb Walking outcome (% 
independent) 
    3 months 6 months 12 months 
Jorgenssen et al, 
1995 
n = 510/804 
Age (yr) = 74 (SD 11)  
BI Walks > 50 yd w/o 
assist (human) 32% 
- - 
Kuys et al, 2009 n = 58/105 
Age (yr) = 70 (SD 13) 
Gender = 64 M, 41F 
MAS Item 5 w/o assist (human) 
MAS Item 5 score 3-6 69% 
- - 
Minelli et al, 2007 n = 34/81 
Age (yr) = 65 (SD 12) 
Gender = 51 M, 30 F 
BI w/o assist (human) 
BI Mobility score 15 - 
- 74% 
Piron et al, 2005 n = 13/20 
Age (yr) = 68 (SD 6) 
Gender = 8 M, 12 F 
Hemiplegic 
stroke scale 
(HSS)  
w/o assist (human)  
HSS score  < 4 15% 
77% - 
Reid et al, 2010 n = 292/538 
Age = 74  
Gender 286 M,  252 F 
Custom 
made scale 
w/o assist (human)  
MRS score 0-3 - 
80% - 
Wade et al, 1985 n = 39/101 
Age = 68 
Gender = 23 M, 78 F  
5 point 
custom made 
scale 
w/o assist (human)  
Custom scale score 
1,2 
   64% - - 
n = number of non-ambulatory participants/number of participants in the sample, MAS= Motor Assessment for Stroke, BI = 
Barthel Index 
 
Two studies (Kuys et al, 2009; Wade et al, 1985) reported a similar proportion of 
non-ambulatory stroke survivors regaining independent walking (69% and 64%) at 3 
months after stroke.  On the contrary, Piron et al (2005) reported only 15% of non-
ambulatory stroke survivors regained independent walking at 3 months, with only 
32% being reported by Jorgensen et al (1995).  Participants in this study, however, 
were required to walk at least 50 yards to be classified as an independent walker, 
which reflects a much higher walking ability than the definitions of ambulatory 
applied in the previous studies, which may account for the lower proportion of 
independent walkers.  The two studies which examined walking outcomes at 6 
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months after stroke were consistent in their findings, reporting that 80% (Reid et al, 
2010) and 77% (Piron et al, 2005) of non-ambulatory stroke survivors regained 
independent walking by 6 months.  
 
Overall, the likelihood of initially non-ambulatory stroke survivors regaining 
independent walking is unclear.  In the available studies, participant numbers are 
variable and relatively small, which may result in samples that do not reflect the key 
characteristics of the non-ambulatory stroke population.  The outcomes reported 
from studies are wide ranging i.e. 15-87% at 3 months after stroke and 57-80% at 6 
months.  There are only 2 studies which examine walking outcome at 12 months, 
and they also report substantially different probabilities of 74% (Minelli et al, 2007) 
and 92% (Viosca et al, 2002).  It is also possible that the setting in which these 
studies were carried out influenced walking outcomes.  Acute units provide care for 
a full range of patients after stroke, with varying degrees of disability, including 
patients with severe disability and those who walk quickly without requiring 
inpatient rehabilitation.  Although acute units include stroke survivors with severe 
physical and cognitive impairment who may lower the probability of regaining 
independent walking, this probability may be positively influenced by the people 
who regain independent walking quickly, and go straight home.  In rehabilitation 
units, stroke survivors are selected as being likely to benefit from rehabilitation, 
however, these patients have considerable disability to warrant admission in the first 
place.  Finally, therapeutic input in a rehabilitation unit may be more extensive than 
in acute units, thus also contributing to a different walking outcome.   
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Consequently, a systematic evaluation of studies examining the probability of 
regaining independent walking in non-ambulatory stroke survivors, which takes 
setting into account, is warranted.  Study 1, therefore, is a systematic review of the 
literature with meta-analyses with the aim of determining the likelihood of patients 
who are non-ambulatory after stroke regaining independent walking. The research 
questions for this study were: 
1. In patients who are managed in a rehabilitation unit and are non-
ambulatory within one month of stroke, what is the probability of 
regaining independent walking within 12 months? 
2. Is the probability any different for patients who are managed in an acute 
unit? 
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INCREASING SKILL OF PHYSIOTHERAPY STUDENTS IN TRAINING 
WALKING AFTER STROKE 
Learning practical skills 
Knowing the probability of regaining independent walking in stroke survivors will 
aid in guiding rehabilitation, but it is also important to optimise walking outcomes 
after stroke by effectively implementing interventions for walking.  As such, it is 
essential that physiotherapy students are provided with effective and efficient tools 
for learning the theoretical and practical skills required for optimising walking 
during stroke rehabilitation, particularly in the context of an ageing population.  The 
practical skills required in physiotherapy incorporate a wide range of manual 
techniques and exercise strategies, and those required for rehabilitation of walking 
after stroke are extensive and can be complex.  Anecdotally, physiotherapy students 
find learning the practical skills related to the rehabilitation of walking after stroke 
difficult.   
 
Practical skills are defined as skills “performed by hand or with human intervention 
using equipment, tools or technology requiring guidance, force or movement” 
(Hampton, 2002).  The learning of practical skills requires motor skill acquisition, 
which involves permanent changes in movement skill as a result of practice or 
experience (Schmidt and Lee, 1999).  There is clear evidence that motor skill 
acquisition is enhanced by practice that is repetitive and specific (Schmidt, 1988; 
Winstein, 1991), so for physiotherapy students to effectively learn the practical skills 
related to walking after stroke, they need to practice those skills accurately, and 
intensively.  Goal setting (Shea et al, 1993), provision of clear and specific 
instructions (Magill, 2004), and feedback (Schmidt, 1988) aid in making practice 
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specific.  Demonstration and simulation are two forms of instruction that allow a 
clear, accurate and specific depiction of practical skills to further enhance specificity 
of practice.  
 
Demonstration 
Many studies have shown that learners who observe a model demonstrating a 
practical skill learn the skill more effectively (Ashby et al, 2002; Braaksma et al, 
2004; Hodges et al, 2007; McCullagh et al, 1990; McCullagh et al, 1989; Vogt & 
Thomaschke, 2007).  Neuroimaging studies have found that observing 
demonstrations of practical skills engages the same neural structures as physical 
practice of practical skills (Gallese and Goldman, 1998; Grezes and Decety, 2001; 
Jeannerod, 1994).  In particular, demonstration, combined with physical practice, has 
been shown to promote skill learning (Shea et al, 2000).  Shea and colleagues (2000) 
found that alternating between observing a demonstration and practice of a practical 
skill was as effective in skill learning as practicing every attempt, despite physical 
practice occurring only half as often.  Demonstration may be effective because it 
allows the learner to attend to subtleties of the skill (Shea et al, 2000).   
 
Furthermore, learning practical skills via demonstration may be enhanced when the 
learner has some control over the practice conditions, such as the length and/or the 
order that demonstrations can be observed during practice (Wulf et al, 2010).  For 
example, learning a sporting skill was found to be better in participants who were 
provided with a choice of when, and how often, to observe a video demonstration, 
compared with participants who had no choice in the timing and frequency of 
observation (Wulf et al, 2005).  Participants who had control over the timing and 
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frequency of observations accessed the demonstration video more frequently early in 
the period of practice, and decreased the frequency over the practice time.  This 
group had significantly better form when performing the skill, as well as retention 
when tested a week later (Wulf et al, 2005).  Control over timing and frequency of 
demonstrations may allow learners to extract the most relevant information, and to 
focus on elements of the practical skill that are challenging (Wulf et al, 2005).   
 
Simulation 
Simulation also appears to be an effective strategy for enhancing learning of 
practical skills in health professionals.  Simulation is an activity that mimics the 
clinical environment, and can encompass a variety of activities, from role play to 
interactive computer games to high fidelity mannequins (Jeffries, 2005).  Sturm et al 
(2008) carried out a systematic review of simulation for surgical skills training and 
concluded that simulation may improve performance time, ability to complete the 
task and number of errors.  However, this review compared simulation training with 
no training, so other training strategies may be as effective as simulation.  Also, non-
randomised trials were included, and no meta-analysis was completed, thereby 
reducing the validity and applicability of the results.   
 
More recently, simulation training for central venous catheter insertion was found to 
be more effective than traditional learning in medical residents in terms of accuracy, 
efficiency and safety during central venous catheter insertion (Barsuk et al, 2009).  
Another randomised trial examined the effectiveness of simulation training 
compared with usual teaching for medical students in learning the practical skills 
related to cardiorespiratory illness (Fraser et al, 2009).  Simulation training was 
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combined with feedback, and resulted in significantly better accuracy and 
performance of practical skills immediately after training, and there was a trend for 
maintenance of this improvement at the end of the unit of study (Fraser et al, 2009).  
Although there was no evidence regarding the effectiveness of simulation in 
physiotherapy in 2010, Health Workforce Australia began supporting simulation 
training for physiotherapy students as one strategy for enhancing practical skill 
development because it allows authentic practice to build and refine practical skills 
(Health Workforce Australia, 2010).  
 
Format for learning practical skills 
Practical skills can be taught in the classroom, via simulation or online.  Historically, 
teaching and learning in physiotherapy has occurred in a face-to-face context, where 
learning is led by the tutor, and driven by assessment.  Practical skills are taught 
based on live demonstration, followed by practice and feedback, at a time and 
manner determined by classroom and time constraints.  This structure leaves 
students to revise the skill outside class time, based on memory or on hand-written 
notes.  Simulation may be used in classroom learning in the form of role play or 
mannequins, thereby enhancing the specificity of practice, but the timing and 
frequency are still determined by classroom and time constraints.  On the contrary, e-
learning is controlled by the learner, and in terms of learning of practical skills, has 
the advantage of allowing students to access and observe demonstrations any time, 
in a context of the student’s choice, thereby facilitating repetitive practice.  Online 
demonstrations using video ensure standardised, repeatable instructions are provided 
to students which can promote accurate, specific practice.  Simulation can also be 
incorporated into e-learning.  E-learning does not, however, influence the goal of 
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learning because the learning outcomes are dictated by the university and 
physiotherapy professional body.  It is also more difficult to provide accurate and 
timely feedback regarding practical skills using e-learning, especially given that 
practical skills students learn in physiotherapy often require feedback regarding 
kinematics and timing of the skill.  
 
E-learning 
E-learning is defined as learning conducted via electronic media, typically on the 
internet (Oxford Dictionary, 2010), and since the advent of the internet, has become 
a common mode of educational delivery.  E-learning is popular with students since 
study can be carried out at the convenience of the learner, both in terms of time and 
environmental context, and it also allows for revision of content.  It is popular with 
educational institutions because it allows flexible delivery, thereby increasing the 
number and diversity of student enrolments, and it appears to be cost effective 
(Parker and Wassef, 2010).  The dramatic advances in technology in the last decade 
have also altered the expectation of students, such that most expect at least part of 
their university education to encompass some form of e-learning. For example, 95% 
of graduate entry Master’s physiotherapy students at The University of Sydney 
requested an online resource to enhance their learning of practical skills in 2007 
(Canning, 2010).  Little is known, however, about its effectiveness, particularly in 
teaching practical skills, which are fundamental to the physiotherapy profession.   
 
E-learning can be enhanced under certain conditions.  Cook and colleagues (2010) 
completed a systematic review examining the effectiveness of design variations in e-
learning on the outcomes of health education.   The design elements that were 
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moderately effective in improving learning included interactivity, opportunity for 
practice, feedback and repetition.  No effect was found for simulation, although there 
were only three studies in this meta-analysis, and a high degree of heterogeneity (I2 
95%).  No studies examined video demonstrations, nor were any specific to 
physiotherapy.  The validity of this systematic review was also limited by the 
inclusion of many studies with poor methodology, and a high degree of 
heterogeneity.  A randomised trial including 143 medical students, not included in 
this systematic review, demonstrated that online simulation significantly increased 
the reliability of measuring haematocrit levels in blood, as well as improving 
students’ perception of how difficult the procedure was to implement (Moreno-Ger 
et al, 2010).  Online simulation was also found to be highly satisfying for promoting 
learning of the skill (Moreno-Ger et al 2010).  
 
E-learning also appears to be enhanced by embedding learning into clinical contexts.  
An e-learning resource incorporating clinical scenarios, video demonstrations and 
podcasts, developed for surgeons to improve the rates of surgical site infections was 
found to be highly accessible and satisfactory, with 8000 hits registered over a 6 
week period (McHugh et al, 2010).  Almost half the hits were accounted for by the 
clinical scenarios, suggested a strong preference for learning in a ‘real’ context.  
While this resource was well accepted and utilised, no evaluation of its effectiveness 
in reducing surgical infection was carried out (McHugh et al, 2010).   
 
In light of these studies, it is feasible that e-learning that embeds video 
demonstrations with simulated patients, in clinical contexts, may be effective in 
enhancing learning of practical skills.  It may provide physiotherapy students with 
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more control over practice conditions, thereby, facilitating learning of practical skills 
related to walking in patients after stroke.  Study 2, therefore, is an examination of 
an e-learning resource designed for physiotherapy students to enhance learning of 
the practical skills required for training walking in stroke survivors.  This study aims 
to determine whether e-learning when used as an adjunct to usual teaching is more 
effective in teaching practical skills than usual teaching alone. The specific research 
questions were: 
1. Does the addition of the Physiotherapy eSkills Training Online resource 
to usual teaching improve performance of practical skills?  
2. Do the students perceive the Physiotherapy eSkills Training Online 
resource as useful for learning practical skills?  
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INCREASING PHYSICAL ACTIVITY IN PEOPLE AFTER STROKE 
Physical activity 
Walking is a primary determinant of a patient’s ability to participate in day to day 
activities after stroke (Sommerfeld and von Arbin 2001), but once stroke 
survivors have regained the ability to walk, participating in appropriate physical 
activity becomes important for maintaining mobility and promoting health.  
Physical activity is defined by the World Health Organisation (2015) as “any 
bodily movement produced by skeletal muscles that requires energy expenditure”.  
Physical activity is not an alternative term for exercise, but rather exercise is a 
subcategory of physical activity (World Health Organisation, 2015).  While 
exercise is planned and structured, with the specific aim of improving or 
maintaining physical fitness, physical activity is any activity that occurs during 
work, play, domestic duties, travel, or leisure that results in energy expenditure 
(World Health Organisation, 2015).  Also, low levels of physical activity should 
not be confused with the term activity limitation, which is defined by the World 
Health Organisation (2015) as ‘difficulty encountered by an individual in 
executing a task or action’. 
 
Physical activity is important for stroke survivors because the risk of a recurrent 
stroke is 10% within 90 days, and 21% within one year (Couillard et al, 2009), and 
many of the risks related to stroke recurrence, such as hypertension, 
hypercholesterolemia, and diabetes (Laloux et al, 2010) can be modified by physical 
activity.  Whelton et al (2002) pooled data from 15 studies to examine the effect of 
aerobic exercise on blood pressure in people with hypertension.  Exercise improved 
blood pressure compared with usual care, resulting in a mean difference of 5 mmHg 
(95% CI 2 to 7) for systolic blood pressure and 4 mmHg (95% CI 6 to 2) for 
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diastolic blood pressure.  Exercise over an 8 week period, in the form of strength and 
aerobic activity, has been shown to reduce fasting blood glucose significantly in 
people with Type 2 Diabetes (2.2 mmol/L; 95% CI 1.84 to 2.56) (Maiorana et al, 
2002), as well as total cholesterol in people after transient ischaemic attack (Faulkner 
et al, 2013).  Moreover, a direct link between physical activity and stroke risk has 
been demonstrated in a meta-analysis of cohort studies (Lee et al, 2003).  The results 
indicated that the risk of stroke incidence, both haemorrhagic and ischaemic, was 
reduced by 25% in people who carried out high intensity physical activity (relative 
risk 0.75; 95% CI 0.69 to 0.82) and by 17% for people who carried out moderate 
intensity physical activity (relative risk 0.83; 95% CI 0.76 to 0.89), compared with 
people who performed low intensity physical activity.  Hence, moderate and high 
intensity physical activity (including leisure activity and exercise) has a significant 
protective effect against stroke (Lee et al, 2003).  
 
Despite the positive effects of physical activity in reducing the risk of stroke as well 
as the risk factors related to stroke, many community-dwelling stroke survivors who 
do regain the ability to walk participate in low levels of physical activity.  Rand and 
colleagues (2009) used accelerometers to measure physical activity in people after 
mild stroke, and found that only 48% of participants completed 30 minutes of 
moderate activity a day, the dose recommended in the Australian physical activity 
guidelines (Department of Health, 2014).  An observational study comparing 
community dwelling stroke survivors with age-matched controls demonstrated that 
people with stroke spent 79 (95% CI 20 to 138) fewer minutes on their feet per day 
(defined as standing, walking, stair climbing and transitioning) and performed 5308 
(95% CI 3171 to 7445) fewer activity counts per day than healthy controls 
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(Alzahrani et al, 2011).  When adjusted for observation time, however, there was no 
difference between minutes on feet, but activity counts remained significantly lower 
in stroke survivors (mean difference 4062 counts, 95% CI 1787 to 6337).  These 
studies suggest that stroke survivors are not only below recommended levels of 
physical activity, but they perform reduced frequency of physical activity compared 
with healthy people of the same age.  The reduced frequency of activity may reflect 
the decreased speed of movement evident in stroke survivors with more significant 
motor impairment.  Consequently these patients need physical activity goals that are 
relative to their current speed.  On the contrary, people after mild stroke are unlikely 
to have energy expenditure that differs substantially from healthy subjects, given 
they have mild motor impairments, and energy expenditure after stroke is correlated 
with severity of motor impairments (Parvataneni et al, 2007).  As such, it is 
reasonable that mild stroke survivors have physical activity goals which are 
consistent with the national physical activity guidelines (Department of Health, 
2014). 
 
There are many studies which have attempted to examine physical activity in stroke 
survivors by evaluating step counts (Bowden et al, 2008; Hachisuka et al, 1998; 
Haeuber et al, 2004; Katoh et al, 2002; Manns and Baldwin, 2009; Michael et al, 
2005; Michael et al, 2006; Michael and Macko, 2007; Michael et al, 2009; Moore et 
al, 2010; Mudge et al, 2009).  However, step counts do not necessarily provide 
information about intensity of activity, particularly in people after mild stroke, 
because a standard number of steps at a slow pace will expend less energy than at a 
moderate or fast pace, nor does measuring step counts provide data about duration of 
physical activity.  Moreover, none of these studies compare step counts of stroke 
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survivors with healthy controls, which would provide valuable information in the 
absence of information about intensity or duration of activity.   
 
It should be feasible to increase physical activity in people with mild disability, 
unlike people with severe disability after stroke, who have many barriers to 
participating in adequate physical activity, including poor access to, or knowledge 
of, services and transport, cost, health problems, stroke-related impairments, and fear 
of recurrent strokes (Rimmer et al, 2008).  While there are studies demonstrating 
immediate positive effects of supervised physical activity programs in increasing 
fitness in people after mild stroke (Huijbregts et al, 2008; Morris et al, 2014; Mudge 
et al, 2009; Olney et al, 2006; Sit et al, 2007), there are few studies that examine 
strategies to increase physical activity in the long term.  A randomised trial 
demonstrated no effect of explicit instruction to increase physical activity in mild 
stroke survivors, even when instruction was repeated 3 monthly by telephone over a 
12 month period (Boysen et al, 2009) and a small pilot trial demonstrated that while 
a structured, supervised exercise program, combined with education, may increase 
physical activity in mild stroke survivors immediately after the intervention, this 
effect was lost at the 3-month follow-up (Touilett et al, 2009).   
 
It is imperative to develop and test the efficacy of strategies to promote physical 
activity in mild stroke survivors given that firstly, in Australia, 43% of stroke 
survivors admitted to acute services are discharged directly home (National Stroke 
Foundation, 2009) without routine access to ongoing rehabilitation professionals to 
facilitate and support uptake of regular physical activity.   Secondly, physical 
activity has a protective effect against recurrent stroke.  Thirdly, patients after mild 
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stroke perform insufficient physical activity, and finally, there is a paucity of 
evidence in the field.  
 
Behaviour Change 
Stroke survivors, like physiotherapy students, need to learn new skills for managing 
the sequelae of stroke, including the skills for increasing physical activity. 
Knowledge about stroke and stroke prevention is poor in both the general population 
and stroke survivors (Kothari et al, 1997; Pancioli et al, 1998; Parahoo et al, 2003).  
Maasland and colleagues (2007) surveyed stroke survivors 3 months after stroke and 
found that only 26% of stroke survivors identified the brain as the affected organ, 
and only 37% gave an accurate description of a TIA or stroke.  Lack of knowledge 
may lead to sub-optimal, or inappropriate health behaviours, so health education 
regarding stroke is recommended (Croquelois A, 2006; Sappok et al, 2001).  The 
Clinical Guidelines for Management of Stroke (National Stroke Foundation, 2010) 
highlight education as a core element of stroke care, and suggest that information 
and education should be tailored to the individual and offered at different stages in 
the recovery process. 
 
Many stroke survivors are willing to increase knowledge (Rodgers et al, 2001), but 
studies regarding the efficacy of education have been inconsistent (Green et al, 
2007).  Repeated small group education sessions for stroke survivors appear to be 
effective in improving long term knowledge retention about stroke (Rodgers et al, 
1999), as do combined education and counselling sessions in the first few months 
after stroke (Clark et al, 2003).  However, many education programs early after 
stroke are general in nature, leaving stroke survivors with specific questions related 
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to their individual circumstances unanswered (Tang and Newcombe, 1998) and 
consequently leaving patients dissatisfied (Rodgers et al, 2001).  Moreover, 
education for people after stroke, about stroke risks, consequences and management, 
increases knowledge, but does not change activities of daily living, participation, 
social activities, perceived health status, mortality or service use post-stroke (Smith 
et al, 2009).  So, although knowledge related to stroke is improved by education, this 
does not translate to a change of behaviour.   
 
There are many theories of behaviour change, but the most common theories applied 
to health behaviour include the Information-Motivation-Behavioural Skills Model; 
the Theory of Reasoned Action; the Theory of Planned Behaviour; Social-Cognitive 
Theory; Control Theory; and Operant Conditioning (Abraham and Michie, 2008).  
The Information-Motivation-Behavioural Skills Model theorises that while 
information is a pre-requisite for changing behaviour, it is insufficient to change 
behaviour independently (Fisher and Fisher, 1992). Rather information must be 
supported by motivation and behavioural skills to facilitate behaviour change (Figure 
1.1) (Fisher and Fisher, 1992; Fisher et al, 1996).  Behavioural skills are the 
strategies a person employs to adhere to a specific behaviour, such as engaging 
social support. 
 
 
 
Figure 1.1. Information-motivation-behavioural skills model 
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The Theory of Reasoned Action proposes that behavioural intention is influenced by 
both a person’s attitude about the behaviour, as well as a person’s perception of the 
social acceptability of that behaviour (Azjen and Fishbein, 1980).  Behavioural 
intentions are thought to reflect a person’s likelihood to perform the behaviour in the 
future (Azjen and Fishbein, 1980).  The Theory of Planned Behaviour is an 
extension of the Theory of Reasoned Action, which includes the impact of personal 
control over the ability to perform the behaviour (Azjen, 1992).  The more control a 
person has over the ability to implement the behaviour, the more likely he or she is 
to perform that behaviour (Figure 1.2). 
 
Figure 1.2 Theory of planned behaviour 
 
Social-Cognitive Theory suggests that behaviour is learnt by observing both the 
performance of behaviours by others, as well as the consequences of those 
behaviours, and that the likelihood of adopting those behaviours is influenced by 
self-efficacy (Bandura 1977).  Self-efficacy is a person’s belief in his or her capacity 
to implement the behaviours necessary to create specific performance outcomes 
(Bandura, 1997).  People with high self-efficacy are more likely to overcome 
challenges related to behaviour change.  On the contrary, Control Theory is a 
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mechanical theory that has been applied to human behaviour, which proposes that 
behaviour is achieved by utilising feedback to achieve goals (Carver and Scheier, 
1998).  Control Theory proposes that there are cognitive and affective elements 
involved in behaviour change; cognitive processes examine goals of behaviour, and 
then compare current state of behaviour against feedback regarding that behaviour; 
and affective processes, if a discrepancy is perceived, initiate behaviour change 
(Carver and Scheier, 1998).  Finally, Operant Conditioning theory considers a 
change in behaviour to be the result of the response received after the behaviour is 
performed (Skinner, 1938).  Responses can be neutral, such that there will be no 
change in the probability of repeating the behaviour; reinforcing, such that there will 
be an increase in the probability of repeating the behaviour; or punishing, such that 
there will be a decrease in the probability of performing the behaviour (Skinner 
1938).   
 
These behaviour change theories have been operationalised into a range of behaviour 
change techniques to allow application in clinical practice. Abraham and Michie 
(2008) developed a taxonomy of behaviour change techniques, linking most 
techniques to one or more behaviour change theories (Table 1.3).  This allows 
complex behaviour change interventions, with strong theoretical foundations, to be 
more readily designed, implemented and evaluated.   
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Table 1.3 Definitions of 26 Behaviour Change Techniques and Illustrative 
Theoretical Frameworks (Abraham and Michie, 2008) 
TRA = Theory of Reasoned Action; TPB = Theory of Planned Behaviour; SCoT = Social-Cognitive Theory; 
IMB = Information-Motivation-Behavioural Skills model; CT = Control Theory; OC = Operant Conditioning 
 
Behaviour Change 
Technique 
Theoretical 
Framework 
Definition of technique 
1.Provide information 
about behaviour-health 
link 
IMB General information about behavioural risk, for example, susceptibility to poor 
health outcomes or mortality 
risk in relation to the behaviour 
2. Provide information 
on consequences 
TRA, TPB, 
SCoT, IMB 
Information about the benefits and costs of action or inaction, focusing on what 
will happen if the person does or does not perform the behaviour 
3. Provide information 
about others’ approval 
TRA, TPB, 
IMB 
Information about what others think about the person’s behaviour and whether 
others will approve or disapprove of any proposed behaviour change 
4. Prompt intention 
formation 
TRA, TPB, 
SCoT, IMB 
Encouraging the person to decide to act or set a general goal, for example, to make 
a behavioural resolution such as “I will take more exercise next week‘ 
5. Prompt barrier 
identification 
SCoT Identify barriers to performing the behaviour and plan ways of overcoming them 
6. Provide general 
encouragement 
SCoT Praising or rewarding the person for effort or performance without this being 
contingent on specified behaviours or standards of performance 
7. Set graded task  SCoT Set easy tasks, and increase difficulty until target behaviour is performed. 
8. Provide instruction  SCoT Telling the person how to perform a behaviour and/or preparatory behaviours 
9. Model or 
demonstrate the 
behaviour 
SCoT An expert shows the person how to correctly perform a behaviour, for example, in 
class or on video 
10.  Prompt specific 
goal setting.  
CT Involves detailed planning of what the person will do, including a definition of the 
behaviour specifying frequency, intensity, or duration and specification of at least 
one context, that is, where, when, how, or with whom 
11. Prompt review of 
behavioural goals 
CT Review and/or reconsideration of previously set goals or intentions 
12. Prompt self-
monitoring of 
behaviour 
CT The person is asked to keep a record of specified behaviour(s) (e.g., in a diary) 
13. Provide feedback 
on performance 
CT Providing data about recorded behaviour or evaluating performance in relation to a 
set standard or others’ performance, i.e., the person received feedback on their 
behaviour. 
14. Provide contingent 
rewards 
OC Praise, encouragement, or material rewards that are explicitly linked to the 
achievement of specified behaviours 
15. Teach to use 
prompts or cues 
OC Teach the person to identify environmental cues that can be used to remind them to 
perform a behaviour including times of day or elements of contexts. 
16. Agree on 
behavioural contract 
OC Agreement (e.g., signing) of a contract specifying behaviour to be performed so 
that there is a written record of the person’s resolution witnessed by another 
17. Prompt practice  OC Prompt the person to rehearse and repeat the behaviour or preparatory behaviours 
18. Use follow-up 
prompts 
 Contacting the person again after the main part of the intervention is complete 
19. Provide 
opportunities for social 
comparison 
SCoT Facilitate observation of nonexpert others’ performance for example, in a group 
class or using video or case study 
20. Plan social support 
or social change 
Social 
Support 
Theories 
Prompting consideration of how others could change their behaviour to offer the 
person help or (instrumental) social support, including “buddy” systems and/or 
providing social support 
21. Prompt 
identification as a role 
model 
 Indicating how the person may be an example to others and influence their 
behaviour or provide an opportunity for the person to set a good example 
22. Prompt self-talk.   Encourage use of self-instruction and self-encouragement (aloud or silently) to 
support action 
23. Relapse prevention Relapse 
Prevention 
Therapy 
Following initial change, help identify situations likely to result in readopting risk 
behaviours or failure to maintain new behaviours and help the person plan to avoid 
or manage these situations 
24. Stress management  Stress 
Theories 
May involve a variety of specific techniques (e.g., progressive relaxation) that do 
not target the behaviour but seek to reduce anxiety and stress 
25. Motivational 
interviewing  
 Prompting the person to provide self-motivating statements and evaluations of their 
own behaviour to minimize resistance to change 
26. Time management   Helping the person make time for the behaviour (e.g., to fit it into a daily schedule) 
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Many behaviour change techniques have been used in health interventions (Darnton, 
2008), although prompting, goal setting and self-monitoring are the most 
consistently reported as effective for behaviour change in relation to physical activity 
(Michie et al, 2009).  Motivational interviewing and self-management are two 
common strategies used in chronic health conditions like stroke, which include these 
behaviour change techniques.   
 
Motivational Interviewing 
Motivational interviewing is a patient-centred strategy which aims to enhance a 
patient’s intrinsic motivation to change by exploring and resolving that patient’s 
ambivalence to change, usually in the form of counselling (Miller and Rollnick; 
1991).  Key elements of motivational interviewing are that the desire to change 
behaviour is elicited by the patient, and that the relationship between patient and 
therapist is collaborative (Rollnick and Miller, 1995).   
 
Motivational interviewing has been found to be effective in managing depression, 
improving knowledge, and changing lifestyle risks in stroke survivors.  Motivational 
interviewing significantly decreased the risk of depression in people 3 months after 
stroke (OR: 1.60, 95% CI: 1.04 to 2.46), compared with usual stroke care, although 
there was no effect on activities of daily living (Watkins et al, 2007).  This was a 
high quality randomised trial, which included 411 participants, strongly suggesting 
that motivational interviewing should be utilised to manage mood disorders after 
stroke.  Green and colleagues (2007) examined the efficacy of a motivational 
interviewing and behavioural change model to underpin an education program about 
recurrent stroke risks for stroke survivors.  Participants in the experimental group 
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were provided with counselling to identify facilitators and barriers to lifestyle 
changes that may reduce their risks, as well as to set goals for behaviour change, 
prior to attending an education program.  The results indicated that participants in 
the experimental group had significantly improved knowledge of stroke risks, and 
were more likely to be taking an active role in minimising their own risks by 
changing behaviour in relation to smoking, physical activity and diet (Green et al, 
2007).  Another randomised trial found similar benefits of motivational interviewing 
in people after mild stroke (Gillham and Endacott, 2010).  Participants who received 
advice and motivational interviewing reported significantly greater exercise and fruit 
and vegetable consumption after three months than stroke survivors who received 
advice as part of their usual care (Gillham and Endacott, 2010).  However, exercise 
was measured by participants’ self-report, so the results should be interpreted with 
caution as physical activity tends to be over-estimated by stroke survivors (Resnick 
et al, 2008).  Despite this, these studies indicate that motivational interviewing 
appears to be more effective than education alone in changing behaviour in stroke 
survivors, therefore may be useful in increasing physical activity after stroke. 
 
Self-management 
Self-management programs are another strategy for embedding education in a 
manner that promotes behaviour change.  Self–management includes provision of 
information, as well as guidance in the practical application of this information in the 
context of the individual’s goals (Adams et al, 2004).  Self-management programs 
centre around increasing self-efficacy, and empowering patients to be actively 
involved in their own care, thereby allowing patients to optimise health outcomes.  
Self-management interventions aim to increase self-efficacy, because a person’s 
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confidence in his or her ability to manage challenges becomes influential in seeking 
and implementing solutions (Bodenheimer et al, 2002).  Self-management requires 
that the patient, family/carers, and health care providers work together to increase 
the patient’s capacity to manage their own condition (Adams et al, 2004).  Education 
is an important element of self-management because it enables the stroke survivor 
and family/carers to understand stroke and its various treatment options; to negotiate 
a care plan; to engage in activities that promote health after stroke and minimise risk 
of recurrent stroke; to monitor and manage the signs and symptoms consequent of 
stroke; and to manage the impact of stroke on physical activity, emotional well-
being and relationships (Bycroft and Tracey, 2006).  
 
Lorig et al (1999) found that a self-management program was feasible and beneficial 
in improving health behaviours, health status, and health service utilization (i.e. 
fewer and shorter periods of hospitalisation) in patients with a range of chronic 
diseases, including heart disease, lung disease, stroke, and arthritis.  A systematic 
review and meta-analysis found self-management to have a moderate effect in 
decreasing pain and disability in people with arthritis (Du et al, 2011). Positive 
outcomes from self-management have been found in other populations including 
improved self-efficacy and increased active involvement in people with diabetes 
(Lorig et al, 2010).   
 
Two studies have examined self-management programs in stroke survivors which 
specifically addressed physical activity as one component of the program (Kendall et 
al, 2007; Sit et al, 2007). Sit et al (2007) included walking as one component of an 8-
week secondary stroke prevention self-management program and found maintenance 
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of physical activity in the intervention group, compared with a significant decline in 
physical activity in the control group, resulting in a significant between-group 
difference.  Kendall et al (2007) carried out a randomised trial of 100 sub-acute 
stroke survivors to determine the effectiveness of self-management in improving 
physical, psychological and social activities after stroke.  Stroke survivors in the 
experimental group participated in a 7-week standardised program of self-
management starting 3 months after stroke, which included exercise as one topic.  
The sessions embedded group interaction and support, problem solving, goal setting 
and communication with the healthcare team and family.  Self-management resulted 
in significant improvements in quality of family roles, self-care, work productivity, 
and performance of activities of daily living compared with usual care (Kendall et al, 
2007).  Mobility (walking, or physical activity) was not significantly different 
between the experimental and control groups, although the study did not measure 
activity limitations or levels of physical activity directly; all measures were based on 
the Stroke Specific Quality of Life scale, which is a self-reported measurement tool.   
 
There are no other studies examining the effectiveness of self-management for 
increasing physical activity in stroke survivors.  It is possible, however, that self-
management may be an effective strategy for promoting increased physical activity 
in stroke survivors.  Study 3, therefore, aims to test the concept that self-
management can increase the percentage of stroke survivors with mild disability who 
meet the national physical activity guidelines.  Specifically, the research questions 
were: 
1. What is the feasibility of a clinical trial examining self-management for 
stroke survivors with mild disability?  Specifically, with regard to the 
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intervention and measurement protocols, participant adherence and 
perception, adverse effects, ease of implementation, and research 
implications (i.e. recruitment and participant flow). 
2. Can self-management increase physical activity, decrease cardiovascular 
risk, and improve self-efficacy, participation, quality of life, and walking 
ability in the short-term (3 months) and in the long-term (6 months)? 
 
OUTLINE OF THE THESIS 
Aims 
Mobility after stroke is optimised by independent walking ability and the capacity of 
stroke survivors to be physically active.  The aim of this thesis, therefore, is to utilise 
education to increase knowledge in physiotherapists regarding walking prognosis 
after stroke, to increase skills in physiotherapy students in relation to walking 
training after stroke, and to empower stroke survivors to increase physical activity.  
This will be achieved firstly by contributing relevant, high quality evidence related 
to walking outcomes to the body of knowledge to assist physiotherapists in clinical 
decision making; secondly by examining effective strategies for educating 
physiotherapy students to appropriately implement practical skills for training 
walking after stroke; and thirdly by examining the feasibility of self-management in 
promoting physical activity in stroke survivors.   
 
Significance 
Study 1 will contribute substantial, relevant and original evidence to the body of 
knowledge related to walking after stroke.  While, in 2010, there were many 
prognostic studies in this area of walking after stroke, there were no systematic 
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reviews on this topic.  Study 1, therefore, adds rigour to the discussion in the 
literature by providing prognostic information about walking after stroke, and 
facilitating enhanced clinical decision-making.  Study 2 provides a preliminary 
discussion about the effectiveness of e-learning in teaching practical skills to 
physiotherapy students, given there are very few studies examining the process of 
teaching practical skills across the health professions, and none in physiotherapy.  
Study 3 aims to determine whether empowering stroke survivors to self-manage 
their cardiovascular risk by increasing physical activity is feasible and potentially 
effective.  The specific self-management program to be examined has been designed 
so that it could be delivered as part of the Medicare’s Chronic Diseases Management 
strategy, thereby ensuring it is generalisable and relevant to Australia’s current 
health care system, as well as being affordable and sustainable for stroke survivors.  
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CHAPTER 2 
STUDY 1: PROBABILITY OF NON-AMBULATORY STROKE SURVIVORS 
REGAINING INDEPENDENT WALKING 
 
INTRODUCTION 
 
METHOD 
Identification and selection of studies 
Assessment of characteristics of studies 
Data analysis 
 
RESULTS 
Flow of studies through the review 
Description of studies 
Probability of regaining independent walking 
 
DISCUSSION 
 
The work presented in this chapter has been published as: 
 
Preston E, Ada L, Dean CM, Stanton R, Waddington G (2011) What is the 
probability of patients who are non-ambulatory after stroke regaining independent 
walking? A systematic review. International Journal of Stroke 6(6): 531-540. 
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INTRODUCTION 
Examining the probability of regaining independent walking after stroke is important 
because walking enables stroke survivors to return to activities of daily living 
(Sommerfeld and von Arbin, 2001) and to participate in the community (Pound et al, 
1998).  In 2010 there were no systematic evaluations of prognosis after stroke in 
people who are initially non-ambulatory.  Patients who are non-ambulatory after 
stroke have generally had a devastating stroke, and thus are more complex and 
resource intensive, (both in terms of physical and economic resources), than those 
who are ambulatory (Koton et al, 2010; Payne et al, 2002).  Given that resources are 
limited, the prognosis of this sub-group in the rehabilitation phase is of particular 
interest to rehabilitation physiotherapists.  Understanding the probability of non-
ambulatory stroke survivors regaining independent walking would enable 
rehabilitation to be targeted. 
 
Early education of patients and carers about expected prognosis improves 
relationships with health professionals, facilitates appropriate goal setting, and 
increases satisfaction with services (Hoffman et al, 2009).  Stroke survivors report 
that they receive insufficient information about prognosis after stroke, which 
combined with optimistic attitudes toward recovery initially, results in 
disappointment and additional distress when there is incomplete recovery (Wiles et 
al, 1998).  Stroke survivors and carers desire information about prognosis specific to 
their own situation (Wiles et al, 1998).  Moreover, goal setting that is specific 
improves the performance of motor skills in rehabilitation (Levack et al, 2006).  
Prognostic information about walking, therefore, has the potential to meet the needs 
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of stroke survivors, and may increase the specificity of goal setting, thereby 
optimising rehabilitation.   
 
Given that the majority of recovery after stroke occurs within the first 12 months 
(Yashin et al, 2010), examining the recovery of walking across this time frame, 
which encompasses inpatient rehabilitation (average discharge about 3 months) and 
outpatient rehabilitation (average discharge about 6 months) is necessary.  It is also 
relevant to examine the influence of rehabilitation and acute units separately, 
because it is possible that there will be different walking outcomes for stroke 
survivors between these settings.   
 
Consequently, the research questions for this study were: 
1. In patients, who are managed in a rehabilitation unit and are non-
ambulatory within one month of stroke, what is the probability of 
regaining independent walking within 12 months? 
2. Is the probability any different for patients who are managed in an acute 
unit? 
 
METHOD 
Identification and selection of studies 
Searches were conducted of the following databases: MEDLINE (1966 to September 
2010, CINAHL (1982 to September 2010), EMBASE (1980 to September 2010) 
Web of Science (1982 to September 2010) and Scopus (1960 to September 2010), 
without language restrictions, for relevant articles.  Search terms included words 
relating to stroke (e.g. cerebrovascular disorder, CVA, infarct, bleed, brain, 
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hemiplegia etc.), prognosis (e.g. risk, outcome assessment, predict, follow-up etc.), 
and locomotion (e.g. walking, gait, ambulation, mobility etc.) (See Appendix C for 
detailed search strategy).  Title and abstracts were displayed and screened by one 
reviewer to identify relevant studies.  Full paper copies of relevant studies were 
retrieved and their reference lists were screened.  The methods of retrieved papers 
were examined against predetermined inclusion criteria (Figure 2.1) by two 
independent reviewers.  Conflict of opinion was resolved by consensus after 
discussion with a third reviewer. 
 
Figure 2.1 Inclusion criteria 
 
Assessment of characteristics of studies 
Quality:  The quality of included studies was determined using the screening tool of 
prognostic studies developed by Hayden et al (2006).  Studies were evaluated using 
the four categories relevant to this systematic review: study participation (criteria 
included that the sample represented the population of interest in key 
characteristics), study attrition (criteria included that the loss to follow-up was not 
associated with key characteristics), measurement of outcomes (criteria included that 
the measurement was clearly defined as well as valid and reliable), and measurement 
Design 
• Prospective 
• Consecutive sampling 
 
Participants 
• Adults 
• Hemiplegic stroke 
• Non-ambulatory 
• Inpatient setting 
 
Outcome measures 
• Measure of walking 
• Initial measure <1/12 after stroke 
• Final measure at discharge from inpatient setting or >3/12 after stroke 
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of confounders (criteria included that the important potential confounders were 
appropriately accounted for by valid and reliable measurement). Studies were rated 
as either meeting the criteria, partly meeting the criteria or not meeting the criteria 
for each of these categories.  A study was defined as good quality if it either (i) met 
the criteria for 3 categories or (ii) met the criteria for 2 categories and partly met the 
criteria for the other 2 categories.  Studies were evaluated by two reviewers 
independently with disagreements resolved by a third reviewer. 
 
Participants: Participants had to be patients within one month after a stroke, who 
were non-ambulatory.  Age, gender, the number of participants in the sample, 
inclusion criteria into the study, and the time between stroke onset and initial 
walking measure were recorded and compared to examine similarity between the 
studies. 
 
Settings:  Studies where participants were admitted to hospital were included. The 
setting where the initial measurement of walking ability was completed was recorded 
and compared to examine similarity between the studies. Acute units included acute 
stroke units or general medical units, thereby comprising a non-selected population 
of stroke survivors.  Rehabilitation units included any inpatient rehabilitation unit, 
where patients were selected and transferred after an acute episode of care.  This 
study examined both acute and rehabilitation units, because it is possible that there 
would be different outcomes in terms of walking for patients managed in each of 
these settings.   
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Outcome Measures: Measures of walking, time of measurement since stroke and 
definition of non-ambulatory, as well as definition of ambulatory, were recorded and 
compared to examine similarity between the studies.  Where multiple measures of 
walking were presented, independent walking was defined as being able to walk with 
or without aids, but without human assistance. This definition was selected because 
most patients are interested in the ability to walk sufficiently well to allow 
community participation, which is achievable with devices, but more difficult if 
human assistance is required.   
 
Data analysis 
Data were extracted from the included studies by one reviewer and cross checked by 
a second reviewer.  Information about the method (i.e. design, participants, 
measures) and outcome data (i.e. number of participants that could walk 
independently) were extracted.  Authors were contacted where there was difficulty 
extracting data.  
 
Walking outcome was examined over a 12 month time frame, three categories were 
then developed: 3 months, 6 months and 12 months after stroke.  We were interested 
in examining the chance of regaining independent walking in both the short and long 
term. In general inpatient admission after stroke lasts less than 3 months and 
outpatient rehabilitation is usually completed by approximately 6 months.  The 
majority of functional recovery after stroke occurs within the first 12 months 
(Yashin et al, 2010), so walking outcome was examined at 3, 6 and 12 months.  
Meta-analyses were performed to calculate the pooled estimate of the proportion of 
patients that could walk independently and reported with 95% confidence interval 
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(CI).  A fixed effects model was used.  In the case of significant statistical 
heterogeneity, I2>50% (Higgins and Green, 2009) a random effects model was 
applied to check the robustness of the results.  The meta-analyses were performed 
using The MIX–Meta–Analysis Made Easy program Version 1.7 (Bax et al, 2006; 
Bax et al, 2008).  
 
RESULTS 
Flow of studies through the review 
The search returned 1010 studies. After screening the titles and abstracts, 66 papers 
were retrieved for evaluation of full text.  Forty studies failed to meet the inclusion 
criteria and therefore 26 papers were included in the review.  Of these 26 papers, 
after contacting authors, 17 had data available to be entered into meta-analyses.  See 
Figure 2.2 for flow of studies through the review.   
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Figure 2.2. Flow of studies through the review. * = papers 
may not have been included for failing to meet more than one 
inclusion criteria. 
 
Description of studies 
The quality of the included studies is outlined in Table 2.1 and a summary of the 
included studies is presented in Table 2.2.  A summary of the excluded studies is 
presented in Table 2.3 
Titles and abstracts screened  
(n = 1010) 
Potentially-relevant papers retrieved 
for evaluation of full text (n = 66) 
• From electronic databases 
(n = 49) 
• From reference lists (n=17) 
Papers included in review (n = 26) 
Papers not included after screening 
titles/abstracts (n = 944) 
Papers not included after evaluation 
of full text (n = 40)* 
• Research design not consecutive 
or prospective (n = 26) 
• Participants below school age (n = 
0) 
• Participants not hemiplegic stroke 
patients (n = 2) 
• Data for non-ambulatory 
participants not able to be 
extracted (n = 0) 
• Not an inpatient setting (n= 5) 
• Initial measure not taken <1 
month after stroke (n= 18) 
• Final measure taken before 
discharge or 3 months after stroke 
(n= 7) 
• No measure of walking initially as 
well as at discharge or 3 months 
after stroke (n = 4) 
• Same participants reported in 
other study (n =3) 
• Not enough information (n = 0) 
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Table 2.1 Quality of included studies (n = 26) 
Study Study participation 
 – sample represents the 
population of interest in key 
characteristics 
Study attrition 
 – loss to follow-up is not associated 
with key characteristics 
Outcome measurement is adequate Important potential confounders are 
appropriately accounted for 
Bacciglieri et al, 1995 Y Y Y P 
Baer and Smith, 2001 Y Y Y N 
Bagg et al, 2002 Y  Y Y P  
Daviet, 2006 N N Y P 
De Wit et al, 2007 Y Y Y  P 
Ekstrand et al, 2008 P  Y Y P 
Friedman, 1991 Y Y Y P 
Jorgenssen et al, 1995 Y Y Y P 
Kuys et al, 2009 Y Y Y P 
Loewen et al, 1990 Y Y Y P 
Macciocchi et al, 1998 P Y Y P 
Minelli et al, 2007 Y Y Y  N 
Olsen, 1990 P  Y Y N 
Paolucci et al, 2008 Y Y Y  P 
Patel et al, 2000 Y Y Y P 
Petrilli et al, 2002 P Y Y P 
Piron et al, 2005 P  Y Y P 
Prevo et al, 1998 P Y Y P 
Reid et al, 2010 P Y P  P  
Singh et al, 2006 Y Y Y N 
Sommerfield &von Arbin, 2001 P Y Y P  
Thommessen et al, 1999 P  Y  Y P  
Van Bennekom et al, 1995 Y Y Y Y 
Viosca et al, 2005 Y N  Y P  
Wade et al, 1985 Y N Y N 
Ween et al, 1996 Y Y Y P 
Y = yes, N = no, P = partly 
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Table 2.2 Summary of included studies (n = 26) 
Study Participants Setting Measurement of walking 
 Characteristics Inclusion  Initial Follow-up 
    Measurement  Defn non-amb Time Measurement  Defn amb Time 
Bacciglieri et al, 
1995 
n = 33/33 
Age (yr) = 64 (SD 7) 
Stroke Rehab 3 point custom made 
scale 
w assist (human)  
Custom scale score 1,2 
14 d 3 point custom 
made scale 
w/o assist (human) 
Custom scale score 3 
D/C 
Baer and Smith, 
2001 
n = unknown/238 
Age (yr) =72 (SD 11)  
Gender = 92 M, 93 F 
Stroke Rehab 10 m walk test w assist (human) 3 d 10m walk test w/o assist (human) D/C 
Bagg et al, 2002   n = 561 
Age (yr) = 71 (SD 12) 
Gender = 302 M, 259 F 
1st stroke, acutely stable, 
no severe cognitive 
impairment 
Rehab FIM – mobility 
subscale 
w assist (human)  
FIM 1-5 
31 d FIM – mobility 
subscale 
w/o assist (human) 
FIM 6,7 
D/C (3 mth) 
Daviet, 2006 n = unknown/156 1st stroke, no SAH Rehab BI w assist (human);  
BI mob score 0, 5, 10 
2 d BI w/o assist (human); 
BI mobility score 15 
12 mth 
 
De Wit et al, 2007 
n= 388/532 
Age (yr) = 69  
Gender = 283 M, 249 F 
1st stroke, score on RMA 
gross function <11; leg/ 
trunk <8; arm < 12 
Rehab BI w assist (human);  
BI mobility score 0, 5, 
10 
19 d BI w/o assist (human);  
BI mobility score 15 
2, 4, 6 mth  
 
Ekstrand et al, 
2008 
n = 46/60 
Age (yr) = 66  
Gender = 34 M, 26 F 
1st stroke, motor deficits 
at 4 d post stroke, no 
aphasia 
Acute COVS w assist (human) 2 d COVS w/o assist (human) 3 mth 
 
Friedman, 1991 
n = 113/113 
Age = 74 (SD 6) 
Gender 62 M, 51 F 
Stroke, > 60yr Acute Walking speed w assist (human) 7 d Walking speed Walking speed > 0.150 m/s 3, 4 mth  
Jorgenssen et al, 
1995 
n = 510/804 
Age (yr) = 74 (SD 11)  
Stroke, no aphasia, no 
disorientation  
Acute BI Immobile or walks < 
50 yd 
7 d BI Walks > 50 yd w/o assist 
(human) 
D/C (1 mth), 3 mth 
Kuys et al, 2009 n = 58/105 
Age (yr) = 70 (SD 13) 
Gender = 64 M, 41F 
Stroke Rehab MAS Item 5 w assist (human)  
MAS Item 5 score 0-2 
 
16 d MAS Item 5 w/o assist (human) 
MAS Item 5 score 3-6 
D/C  (2.4 mth) 
Loewen et al, 1990 n = unknown/50 
Age (yr) =68 (SD 10) 
Gender = 28 M, 22 F 
Stroke, no altered 
consciousness 
Acute MAS Item 5 w assist (human)  
MAS Item 5 score 0-2 
7 d MAS Item 5 w/o assist (human) 
MAS Item 5 score 3-6 
D/C (2 mth) 
Macciocchi e al, 
1998 
n = unknown/328 
Age (yr) = 70 (SD 10) 
Gender =179 M, 149 F 
MCA ischaemic stroke Acute BI w assist (human)  
BI mobility score 0, 5, 
10 
10 d BI w/o assist (human) 
BI Mobility score 15 
3 mth 
Minelli et al, 2007 n = 34/81 
Age (yr) = 65 (SD 12) 
Gender = 51 M, 30 F 
Stroke Acute BI w assist (human)  
BI mobility score 0, 5, 
10 
2 d BI w/o assist (human) 
BI Mobility score 15 
12 mth 
Olsen, 1990 n = 72/72 
Age (yr) = 68 (SD 10) 
Gender = 39 M, 33 F 
Stroke, non-amb  Rehab 5 point custom made 
scale: 
w assist (human)  
Custom scale score 1-
4 
28 d 5 point custom 
made scale 
w/o assist (human)  
Custom scale score 5 
3 mth 
 44 
 
 
Paolucci et al, 2008 
n = 437/437 
Age (yr) =68 (SD 13) 
Gender = 260 M, 240 F 
Ischaemic stroke  Rehab Custom made scale Not walking or in 
wheelchair  
21 d Custom made 
scale 
w/o assist (human) D/C  (2.5 mth) 
 
Patel et al, 2000 
n = 322//459 
Age (yr) = 70 (SD 11) 
Gender = 260 M, 240 F 
Stroke Acute FIM mobility subscale  With standby 
assistance (human) 
FIM 1-5 
2 d FIM mobility 
subscale 
w/o assist (human) 
FIM 6,7 
3, 6 mth 
 
Petrilli et al, 2002 
n = 93/93 
Age (yr) = 65  
Gender 46 M,  47 F 
1st stroke Rehab Custom made scale 10m  w assistance 
(human)  
18 d Custom made 
scale 
10m w/o assist (human) D/C (2 mth)  
 
Piron et al, 2005 
n = 13/20 
Age (yr) = 68 (SD 6) 
Gender = 8 M, 12 F 
1st stroke, non-amb, dep 
for ADLs 
Rehab Hemiplegic stroke 
scale (HSS)  
w assist (human)  
HSS score  > 3 
30 d HSS w/o assist (human)  
HSS score  < 4 
7 mth 
 
Prevo et al, 1998 
n = 43/45 
Age (yr) = 58 
Gender = 21 M, 22 F 
1st  stroke, non-amb, dep 
for ADLs   
Rehab 3 point custom made 
scale 
w assist (human) or 
w/c dependent 
30 d 3 point custom 
made scale 
w/o assist (human) 6 mth 
 
Reid et al, 2010 
n = 292/538 
Age = 74  
Gender 286 M,  252 F 
Stroke Acute Custom made scale w assist (human) 1 d Modified 
Rankin Scale  
w/o assist (human)  
MRS score 0-3 
6 mth  
 
Singh et al, 2006 
n = 255/255 
Age = 57 (SD 9) 
Gender = 147 M, 108 F 
Stroke, non-amb  Rehab FIM w assist (human) 
FIM 1-4 
17 d FIM standby assistance (human)  
FIM 5-7 
D/C  (3 mth) 
Sommerfield & von 
Arbin, 2001 
n = 98/115 
Age = 80 (SD 7) 
Gender = 48 M, 67 F 
Stroke, > 65 yr, no 
severe confusion, no 
aphasia 
Acute BI w assist (human)  
BI mobility score 0, 5, 
10 
10 d BI w/o assist (human) 
BI Mobility score 15 
D/C (3 mth) 
Thommessen et al, 
1999 
 n = unknown/171 
Age = 78 (SD 11) 
Gender = 69 M, 102 F 
Stroke > 60 yr, no SAH Rehab BI w assist (human)  
BI mobility score 0,1,2 
10 d BI w/o assist (human) 
BI Mobility score 3 
D/C (2 mth), 12 mth 
Van Bennekom et 
al, 1995 
 n = unknown/125 
Age = 73 (SD 11) 
Gender = 67 M,  58 F 
Stroke, no SAH Acute BI w assist (human)  
BI mobility score 0,1,2 
14 d BI w/o assist (human) 
BI mobility score 3 
3, 6 mth 
Viosca et al, 2005 n = 26/26 
Age = 70 (SD 9) 
Gender = 15 M, 11 F 
Stroke, non-amb, able to 
follow instructions, 
sitting for 5 s 
Rehab FACHS w assist (human)  
FACHS 0,1 
11 d FACHS w/o assist (human)  
FACHS 2-5 
D/C (3 mth). 12 mth 
Wade et al, 1985 n = 39/101 
Age = 68 
Gender = 23 M, 78 F  
Stroke Acute 5 point custom made 
scale 
w assist (human)  
Custom scale score 3-
5 
5 d 5 point custom 
made scale 
w/o assist (human)  
Custom scale score 1,2 
3 mth 
Ween et al, 1996  n = unknown/376 
Age = 73 (SD 12) 
Gender = 169 M, 207 F 
Stroke, no SAH Rehab FIM w assist (human)  
FIM 1-5 
19 d FIM w/o assist (human)  
FIM 6,7 
D/C (2 mth) 
n = number of non-ambulatory participants/number of participants in the sample, acute = acute unit; rehab = rehabilitation unit, FIM = functional independence measure; MAS= Motor Assessment for Stroke, BI = 
Barthel Index, Data recorded in the table, including number of non-ambulatory participants, the outcome measure (in the case of multiple measures), and the time of follow up measures were used for the meta-analysis 
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Table 2.3 Summary of excluded studies 
 
Study Design Participants Outcomes Eligibility 
 Consecutive 
sampling 
Prospective > 18 years Hemiplegic 
stroke 
Non-ambulatory or 
data for non-
ambulatory subjects 
able to be extracted 
Acute 
<1/12 
Inpatient 
setting 
Measure of walking 
at initial and final 
time point 
Follow-up > 3/12 or 
at discharge from 
inpatient setting 
Y N 
Adunsky et al, 1992 Y N Y Y Y Y Y Y Y N 
Andrews et al, 1981 Y Y Y Y Y Y N Y Y N 
Baer and Wolf, 2001 Y Y Y Y Y N N Y Y N 
Brauer et al, 2008 Y Y Y Y N Y Y N Y N 
Bohanan, 1987 Y N Y Y Y N Y Y N N 
Donnelly et al, 2004 N Y Y Y Y Y Y Y Y N 
Feigin et al, 1996 Y Y Y Y Y Y Y Y N N 
Fong et al, 2001 N Y Y Y Y Y Y Y Y N 
Gialanella et al, 2005 N N Y N Y Y Y Y N N 
Giemza et al, 2006 N Y Y Y Y Y Y Y N N 
Gowland, 1984 Y N Y Y Y N Y Y Y N 
Hankey et al, 2008 N Y Y Y Y Y Y Y Y N 
Jackson et al, 2000 Y N Y Y Y Y Y Y Y N 
Kinsella et al, 1980 Y Y Y Y Y N Y Y Y N 
Kollen et al, 2006 N Y Y Y Y Y Y Y Y N 
Kollen et al, 2005 N Y Y Y Y Y Y Y Y N 
Kwakkel et al, 2006 N Y Y Y Y Y Y Y Y N 
Kwakkel et al, 2000 N Y Y Y Y Y Y Y Y N 
Matsunaga et al, 1997 Y Y Y Y Y Y Y Y N N 
Mayo et al, 1991 Y Y Y Y Y N Y N Y N 
Meheroz et al, 2005 Y Y Y Y Y N Y Y Y N 
Mehrholz et al, 2007 N Y Y Y Y N Y Y Y N 
Mokler et al, 2000 Y Y Y Y Y Y Y Y N N 
Nazzal et al, 2001 N N Y Y Y N Y Y N N 
Oder et al, 1988 Y Y Y Y Y N N Y Y N 
Paolucci et al, 1998 Y Y Y Y Y N Y Y Y N 
Paolucci et al, 1996 Y Y Y Y Y N Y Y Y N 
Paolucci et al, 2001 Y Y Y Y Y N Y Y Y N 
Paolucci et al, 2003 N Y Y Y Y N Y Y N N 
Partridge et al, 1987 Y Y Y Y Y Y Y Y N N 
Prescott et al, 1982 N Y Y Y Y Y Y N Y N 
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Samuelsson et al, 2001 Y Y Y Y Y Y Y Y N N 
Sanchez -Blanco et al, 1999 Y Y Y Y Y Y N Y Y N 
Shelton, 2001 N Y Y Y Y Y Y Y Y N 
Skilbeck et al, 1983 Y Y Y Y Y Y N Y Y N 
Thornton et al, 2001 Y N N Y Y N Y Y Y N 
Troisi et al, 2002 N Y Y Y Y N Y Y Y N 
Van de port et al, 2006 N Y Y Y Y N Y Y Y N 
Wardlaw, 2003 Y Y Y Y N Y Y N Y N 
Weir et al, 2003 Y Y Y Y Y Y Y Y N N 
Wisniewska et al, 1975 Y Y Y N Y N Y Y Y N 
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Quality: Of the 26 studies included in this review, 21 were of good methodological 
quality, and of the 17 entered into the meta-analyses, 13 were of good 
methodological quality. The sample was representative of the population in 16 (62%) 
studies and partly representative in 9 (35%), loss to follow up was not associated 
with key characteristics in 23 (88%) studies, outcome measurement was adequate in 
25 (96%) studies and important potential confounders were at least partly accounted 
for in 21 (80%) studies. 
 
Participants:  The mean ages of participants across the studies ranged from 58 to 80 
years old and the mean time of initial measures of walking ranged from 2 to 31 days.  
Patients were managed either in a rehabilitation unit (n = 15) or an acute unit (n = 
11). 
 
Outcome measures:  Although many different measurement tools were used to report 
walking, independent walking was reported in 96% of studies as the ability to walk 
alone or with an aid, but without human assistance.  Non-ambulatory was defined as 
FIM mobility and locomotion subscale score < 6 (n = 5), Barthel Index mobility 
subscale score of 0, 5 or 10 (n = 6), Barthel Index mobility subscale score of 0-2 (n = 
3), MAS Item 5 score 0-2 (n = 2), COVs mobility scale Item 5 score 0-4 (n = 1), 
modified Rankin scale >3 (n = 1), Hemiplegic Stroke Severity Scale >3 (n = 1) and 
walking speed < 0.15 m/s (n = 1).  The remaining studies (n = 6) used scales 
developed by the authors to define non-ambulatory.  Independent walking data were 
available to be used in a meta-analysis from patients managed in a rehabilitation unit 
at 3 months (n = 9) and at 6 months (n = 3) and from those managed in an acute unit 
at 3 months (n = 5) and at 6 months (n = 2).   
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Probability of regaining independent walking 
Rehabilitation unit:  At 3 months, the probability of initially non-ambulatory stroke 
survivors regaining independent walking was examined by pooling data from 9 
studies (Bacciglieri et al, 1995; De Wit et al, 2007; Kuys et al, 2009; Olsen, 1990; 
Paolucci et al, 2008; Petrilli et al, 2002; Piron et al, 2005; Singh et al, 2006; Viosca 
et al, 2005) comprising 1373 participants (Figure 2.3) (See Appendix D for detailed 
forest plots).  The probability of independent walking in initially non-ambulatory 
stroke patients was 0.60 (95% CI 0.47-0.72).  Data were unavailable from 3 studies. 
 
Figure 2.3. Probability (95% CI) of stroke survivors who are 
initially non-ambulatory regaining independent walking at 3 months 
when managed in a rehabilitation unit by pooling data from nine 
studies (n = 1373).  
  
At 6 months, the probability of initially non-ambulatory stroke survivors regaining 
independent walking was examined by pooling data from 3 studies (De Wit et al, 
0 0.2 0.4 0.6 0.8 1
Olsen   0.32 (95%CI 0.21-0.43) 
Kuys   0.69 (95%CI 0.57-0.80) 
De Wit   0.46 (95%CI 0.41-0.51) 
 
Paolucci  0.55 (95%CI 0.50-0.60) 
Piron   0.15 (95%CI -0.04-0.35) 
Viosca   0.79 (95%CI 0.63-0.95) 
Singh   0.77 (95%CI 0.72-0.82) 
Petrilli   0.87 (95%CI 0.80-0.94) 
Bacciglieri  0.70 (95%CI 0.54-0.85) 
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2007; Piron et al, 2005; Prevo et al, 1998)  comprising 444 participants (Figure 2.4).  
The probability of independent walking had increased to 0.65 (95% CI 0.53-0.77). 
 
Figure 2.4. Probability (95% CI) of stroke survivors who are 
initially non-ambulatory regaining independent walking at 6 
months when managed in a rehabilitation unit by pooling data from 
three studies (n = 444).  
 
At 12 months, the probability of initially non-ambulatory stroke survivors regaining 
independent walking was examined by using data from one study (Viosca et al, 
2005) comprising 24 participants. The probability of independent walking had 
increased to 0.91 (95% CI 0.81-1.00). Data were unavailable from 1 study. 
 
Acute unit:  At 3 months, the probability of initially non-ambulatory stroke survivors 
regaining independent walking was examined by pooling data from 5 studies 
(Sommerfeld and von Arbin, 2001; Ekstrand et al, 2008; Friedman, 1991; Jorgensen 
et al, 1995; Wade et al, 1985) comprising 634 participants (Figure 2.5).  The 
probability of independent walking in initially non-ambulatory stroke patients was 
0.39 (95% CI 0.27-0.52). Data were unavailable from 4 studies. 
0 0.2 0.4 0.6 0.8 1
De Wit  0.57(95%CI 0.52-0.62) 
Piron  0.77(95%CI 0.54-0.99) 
 Prevo  0.70(95%CI 0.56-0.84) 
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Friedman 0.57 (95%CI 0.47-0.66) 
Reid  0.80 (95%CI 0.76-0.85) 
 
Figure 2.5. Probability (95% CI) of stroke survivors who are initially 
non-ambulatory regaining independent walking at 3 months when 
managed in an acute unit by pooling data from five studies (n = 634).  
 
At 6 months, the probability of initially non-ambulatory stroke survivors regaining 
independent walking was examined by pooling data from 2 studies (Friedman, 1991; 
Reid et al, 2010) comprising 405 participants (Figure 2.6).  The probability of 
independent walking had increased to 0.69 (95% CI 0.46-0.92). Data were 
unavailable from 2 studies. 
 
 
Figure 2.6. Probability (95% CI) of stroke survivors who are initially 
non-ambulatory regaining independent walking at 6 months when 
managed in an acute unit by pooling data from two studies (n = 405).  
 
0 0.2 0.4 0.6 0.8 1
0 0.2 0.4 0.6 0.8 1
Ekstrand  0.46(95%CI 0.31-0.60) 
 Wade   0.64(95%CI 0.49-0.79) 
 Jorgenssen  0.32(95%CI 0.27-0.37) 
Sommerfeld  0.17(95%CI 0.10-0.24) 
 Friedman 0.43(95%CI 0.34-0.52)  
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At 12 months, the probability of initially non-ambulatory stroke survivors regaining 
independent walking was examined by using data from one study (Minelli et al, 
2007) comprising 34 participants. The probability of independent walking had 
increased to 0.74 (95% CI 0.59-0.88).  
 
DISCUSSION 
This is the first systematic review to pool data from prospective, consecutive studies 
of patients who are non-ambulatory in the first month after stroke to determine the 
probability of regaining independent walking.  A meta-analysis of available data 
found that 60% of initially non-ambulatory stroke patients managed in a 
rehabilitation unit regained independent walking at 3 months and this increased to 
65% by 6 months after stroke.  This differed from the findings for patients managed 
in an acute unit – at 3 months only 39% of initially non-ambulatory stroke survivors 
in an acute unit regain independent walking. However, at 6 months after stroke, a 
similar proportion of patients managed in an acute unit (69%) regained independent 
walking to those managed in a rehabilitation unit (Figure 2.7).  
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Figure 2.7. The probability of stroke survivors who 
are initially non-ambulatory regaining independent 
walking when managed in a rehabilitation unit 
(closed circles) and an acute unit (open circles). 
 
The overall quality of the included studies was good.  The age and gender of 
participants was similar across the studies, as were the inclusion criteria to enter the 
studies. There were 15 studies that included participants managed in a rehabilitation 
setting, and 11 that included participants managed in an acute setting, which included 
both general acute units and designated stroke units.  Initial measures of walking 
occurred earlier on average in acute units (6 days) than in rehabilitation units (19 
days).  A variety of measures of walking were used across the included studies, and 
not all studies defined independent walking.  However, of the studies that did, all but 
one study defined independent walking as the ability to walk without human 
assistance.  There were sufficient data for a meta-analysis to be included at 3 and 6 
months for rehabilitation units and acute units.  The number of participants included 
was 1373 in the rehabilitation unit meta-analysis and 634 in the acute unit meta-
analysis at 3 months.  The good quality and similarity of the studies, as well as the 
number of participants available for the 3 month meta-analyses, suggests that the 
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results for the probability of regaining independent walking at 3 months after stroke 
in patients who are initially non-ambulatory are credible.  Although there were data 
available for analysis at 6 and 12 months in both settings, the number of participants 
is too small to draw valid conclusions.  
 
Study 1 indicated that a substantially greater proportion of patients managed in a 
rehabilitation unit regained independent walking at 3 months compared with those 
managed in an acute unit.  This finding has two feasible explanations: Patients 
admitted to a rehabilitation unit have generally been selected as being likely to 
benefit from a prolonged period of rehabilitation, thus increasing the probability of 
this population regaining independent walking, compared with an unselected 
population of patients managed in an acute unit after stroke.  Patients admitted to an 
acute unit after stroke can include those with severe stroke, including those with 
significant physical and cognitive impairment.  The severity of impairments in these 
patients would also contribute to a reduced probability of regaining independent 
walking for patients managed in an acute unit.  Secondly, the outcome of stroke is 
associated with intensity of therapy (Kwakkel et al, 2004) and rehabilitation units are 
designed and resourced to provide a greater intensity of therapy than acute units, thus 
increasing the probability of improved walking outcomes in these patients.   
 
Selection to a rehabilitation unit is likely to be influenced by a range of factors.  
Prospective cohort studies have indicated that baseline ability to perform activities of 
daily living, sitting balance, ability to stand up, urinary incontinence, severity of 
hemiplegia, comorbidity, consciousness at admission, cognitive status, and 
depression are independent factors that contribute to the outcome of stroke after 6 
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months (Counsell & Dennis, 2001; Heuschmann et al, 2011; Jongbloed L,1986; 
Kwah et al, 2013; Meijer et al, 2004; Veerbeek et al, 2011).  These factors, as well as 
age, previous stroke, and size of stroke are commonly considered for selection of 
stroke survivors to rehabilitation (Kwakkel et al, 1996).  A recent systematic review 
of 28 studies examining factors predicting a poor outcome after stroke (i.e. severe 
disability or residential care) concluded that greater age, a more severe stroke, the 
presence of urinary incontinence and a larger stroke are predictors for a poor 
outcome, but the findings were inconsistent for dependency in activities of daily 
living and cognitive impairment (Van Almenkerk et al, 2013).  This review, 
however, had two substantial limitations; firstly, a meta-analysis was not carried out, 
so effect size and clinical significance was not determined, and secondly, the quality 
of the studies included in the review were not considered, thereby rendering the 
validity of the results questionable.  Thus, despite common use of predictive factors 
for selecting stroke survivors to rehabilitation, there is no clear evidence regarding 
the strength or significance of any of these prognostic factors in predicting the 
outcome of rehabilitation.  
 
It is also possible that the greater likelihood of regaining independent walking in a 
rehabilitation setting is because rehabilitation units are designed to provide a higher 
intensity of therapy than acute units.  It is clear that greater intensity of therapy is 
associated with improved walking outcomes.  A meta-analysis of 14 randomised 
trials within 6 months after stroke was carried out to determine the effect of 
augmented rehabilitation intensity on walking outcomes (Veerbeek et al, 2011).  The 
pooled data of 412 participants demonstrated a moderate effect of augmented 
intensity of therapy on walking ability (SMD 0.32, 95% CI 0.11 to 0.52).  Data from 
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366 participants demonstrated a small effect on comfortable walking speed (SMD 
0.22, 95% CI 0.01 to 0.43), and data from 138 participants demonstrated a moderate 
effect on fast walking speed (SMD 0.34, 95% CI 0.00 to 0.68).  This systematic 
review demonstrates a clinically relevant improvement in walking outcome for 
stroke survivors who receive higher intensity intervention.  This suggests that 
intensity may account, at least in part, for the difference evident in walking outcomes 
between non-ambulatory stroke survivors who are managed in an acute unit, 
compared with a rehabilitation unit.  
 
There was variability in the number of days after stroke that the initial measure of 
walking was completed across studies.  The correlation between the average day the 
participants were measured as non-ambulatory and the probability of walking 
independently at 3 months was high in both a rehabilitation unit (r = 0.88; p = 0.002) 
and an acute unit (r = 0.70; p = 0.19).  This is not surprising given there is the 
potential for substantial recovery in walking ability in the first month after stroke 
(Kollen et al, 2005); a patient who is still non-ambulatory 30 days after stroke is 
likely to have had a devastating stroke, which is not necessarily the case in patients 
who are non-ambulatory at only 3 days after stroke.  Therefore, a post hoc regression 
analysis was carried out, taking into account the number of days after stroke that 
measurement of non-ambulatory status occurred.  The prediction equation for 
determining the probability of independent walking at 3 months in patients who are 
non-ambulatory in the first month after stroke in a rehabilitation unit is:  
Probability of walking = 1.24 – (0.034 × day after stroke measured as non-
ambulatory) 
For an acute unit the prediction equation is: 
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Probability of walking = 0.66 – (0.04 × day after stroke measured as non-
ambulatory) 
For example, in a rehabilitation unit a patient who is measured as non-ambulatory 14 
days after stroke has a 76% chance of walking independently at 3 months [0.76 = 
1.24 – (0.034 × 14)], compared with a patient in an acute unit who is measured as 
non-ambulatory 14 days after stroke who has a 10% chance of walking 
independently at 3 months [0.1 = 0.66 – (0.04 × 14)].  These equations can be used to 
refine the prediction of probability of individual patients regaining independent 
walking at 3 months after stroke. This more accurate information could be utilised to 
allocate resources amongst individual patients, as well as to facilitate decisions about 
discharge destination.  It also provides clinical services with a benchmark for 
evaluating the effectiveness of service provision for patients who are initially non-
ambulatory after stroke, such that if outcomes for these patients are below predicted 
then strategies for implementing more effective services can be considered.  This 
information can also be used as a guide to educate patients and carers of the 
probability of regaining independent walking.  Moreover, these equations can be 
utilised in clinical research as a benchmark for the performance of control groups in 
trials examining walking outcome after stroke.  For instance in two recent 
randomised trials examining the effectiveness of treadmill training in non-
ambulatory participants (Ada et al, 2010; Pohl et al, 2007) the outcome of the control 
group in both studies was consistent with the proportion of independent walkers 
predicted by the equation, suggesting that the control groups in both studies achieved 
a reasonable outcome in terms of walking independence. 
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In conclusion, this systematic review found that in a rehabilitation unit, the 
probability of regaining independent walking for patients who are non-ambulatory in 
the first month after stroke is 60% at 3 months.  The probability of regaining walking 
is lower for patients managed in an acute unit at only 39% by 3 months.  The 
prediction may be refined by using the time in the first month after stroke that the 
patient remains non-ambulatory, to predict walking outcome at 3 months for 
individual patients in both rehabilitation and acute settings.  This information may be 
used clinically to make decisions about allocation of rehabilitation resources, 
education of patients and carers, and for discharge planning.   
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CHAPTER 3 
STUDY 2: PHYSIOTHERAPY ESKILLS TRAINING ONLINE 
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The work presented in this chapter has been published as: 
 
Preston E, Ada L, Dean, CM, Stanton R, Waddington G, Canning C (2012) The 
Physiotherapy eSkills Training Online resource improves performance of practical 
skills: A controlled trial. BMC Medical Education 12(1).  
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INTRODUCTION 
It is clear from Study 1 that stroke survivors have a reasonable chance of regaining 
the ability to walk, however, there is still potential to improve that likelihood by 
ensuring that interventions provided to stroke survivors are implemented in an 
effective manner.  Anecdotally, physiotherapy students find implementing 
interventions for walking after stroke challenging to learn.  Ensuring that 
physiotherapy students are effectively taught the practical skills required for 
rehabilitation of walking after stroke is one way of trying to improve the outcome for 
stroke survivors, particularly because the students of today will be managing an 
increasing population of stroke survivors once they graduate. 
 
Given that the common practice of face to face education of physiotherapy students 
is time consuming and expensive, e-learning may be a feasible strategy for enhancing 
teaching of practical skills related to walking after stroke.  Qualitative studies in 
health education indicate that e-learning is well accepted (Gormley et al, 2009), 
improves confidence in skills (Hills et al, 2010), improves self-rated performance of 
skills (Hills et al, 2010), and is often preferred over other modes of education 
(Newman et al, 2009).  In response to student feedback requesting greater access to 
e-learning, the Neurological Physiotherapy Teaching Team at The University of 
Sydney developed the Physiotherapy eSkills Training Online resource.  The aim of 
this resource was to enhance students’ learning of practical skills  and to provide 
students with an opportunity for accurate practice outside the classroom.  The 
resource is presented in Figure 3.1 and Figure 3.2.   
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Figure 3.1.  The Physiotherapy eSkills Training Online menu page 
where students can select the specific practical skill. 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.2.  The webpage for an individual practical skill from 
The Physiotherapy eSkills Training Online resource, highlighting 
the demonstration video, and including menu buttons for the Aim 
and Rationale, Equipment, Key Points, Common Errors, 
Progression and Variety, and a Downloadable PDF. 
 
The Physiotherapy eSkills Training Online resource incorporates 88 practical skills 
related to neurological physiotherapy, including practical skills related to the 
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management of stroke, cerebellar ataxia, Parkinson’s disease, spinal cord injury and 
traumatic brain injury.  Fifty of the practical skills are related specifically to stroke, 
twenty-five are related specifically to the management of mobility after stroke, and 
18 are specific to managing walking after stroke.  For each practical skill, the 
resource includes: (i) a streamed high quality video-clip of therapist-patient 
simulation; (ii) text describing the aim, rationale, equipment, key points, common 
errors and methods of progression; and (iii) a downloadable PDF document 
incorporating the online text information and a still image of the video-clip.  This 
resource, therefore, embeds several important elements demonstrated to enhance the 
effectiveness of both learning practical skills and e-learning: demonstration of the 
practical skill (Shea et al, 2000), learner-control over the timing and frequency of 
practice (Wulf et al, 2005), patient simulation (Sturm et al, 2008), and clinical 
contexts (McHugh et al, 2010).  Combined, these elements provide students the 
opportunity for accurate practice outside the classroom.   
 
Pilot data were collected to determine student use and satisfaction with the 
Physiotherapy eSkills Training Online resource (Canning et al, 2010).  The resource 
was used extensively by physiotherapy students, and in one semester, 112 students 
enrolled in the neurological physiotherapy unit made 4498 hits, which equates to an 
average of 40 hits per student (Canning et al, 2010).  100% of students felt that the 
Physiotherapy eSkills Training Online resource made it easier for them to learn the 
skills and enhanced their preparation for their practical exam, and 98% of students 
felt that the resource should be extended to other units of study where practical skills 
are fundamental (Canning et al, 2010).   
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However, the effectiveness of e-learning in improving the actual performance of 
practical skills was not examined, and other evidence is limited to the disciplines of 
medicine, nursing and midwifery, and dentistry (Cook et al, 2010).  Therefore, this 
study aimed to determine the effectiveness of the Physiotherapy eSkills Training 
Online resource.  The specific research questions were:   
1. Does the addition of the Physiotherapy eSkills Training Online resource to 
usual teaching improve performance of practical skills?  
2. Do the students perceive the Physiotherapy eSkills Training Online 
resource as helpful for learning practical skills?  
 
METHOD 
Design 
A non-randomised, controlled trial was carried out.  Participants were recruited from 
students enrolled in a 2-year, 4-semester graduate-entry physiotherapy program (not 
the university where the resource was developed).  Students enrolled in their first 
neurological physiotherapy unit of study (Semester 2, Year 1 of the program) in 2010 
were recruited to the control group and those enrolled in 2011 were recruited to the 
experimental group.  This unit of study primarily addresses the management of 
impairments and activity limitations associated with stroke.  The experimental group 
therefore received access to 50 practical skills for management of stroke, on the 
Physiotherapy eSkills Training Online resource over the last 5-week period of a 10-
week teaching semester as well as during revision week, in addition to usual 
teaching.  The control group received usual teaching only, provided in the same order 
and manner as the experimental group, and by the same lecturers.  The primary 
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outcome was the performance of practical skills after revision week at the end of the 
semester.   
 
Participants 
All students enrolled in their first neurological physiotherapy unit of study in 2010 
and 2011 were invited to participate.  The study was approved by the University 
ethics committee (Appendix A). Participants provided informed consent prior to data 
collection (Appendix A).  
 
Intervention 
The experimental group received the Physiotherapy eSkills Training Online resource, 
as well as usual teaching.  Usual teaching for the first neurological physiotherapy 
unit was developed by a team of 5 academics with an average of 20 years’ 
experience in teaching neurological physiotherapy.  The unit of study encompassed 2 
hours of lectures in a large group, and 4 hours of tutorials in small groups (≤ 16 
students) per week over 10 weeks.  Tutorials incorporated explicit teaching, case-
based learning, problem-based learning and live practical skill demonstration and 
student practice.  All learning was supported by specific feedback from the tutor in 
relation to the learning outcomes for the class.  Students also had access to pictures 
of practical skills in the required text and student manual.  The experimental group 
also received access to the Physiotherapy eSkills Training Online resource for the 
last 5 weeks, as well as revision week to enable revision and consolidation of 
practical skills at any time.  The practical skills included in the Physiotherapy eSkills 
Training Online resource were the same as those included in usual teaching.  The 
control group received usual teaching only.   
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Outcome measures 
The primary outcome was the performance of practical skills at the end of the 
semester.  Performance was measured during a practical examination where the 
student was provided with a clinical problem requiring the demonstration of a 
practical skill.  The student then acted as the ‘therapist’, while a fellow student 
simulated a ‘patient’.  A standardised 25-point marking schema was used covering: 
informed consent (out of 1), hygiene (out of 1), rationale for the practical skill (out of 
4), explanation of the practical skill (out of 2), effectiveness of the practical skill (out 
of 4), specificity of instructions and feedback (out of 4), progression of the practical 
skill (out of 4), evaluation of the effectiveness of the practical skill (out of 2) and 
safety (out of 3) (Appendix B).  Performance was measured independently by two 
academics with training and prior experience in the use of the marking schema.  The 
same academics measured performance of the control and experimental groups. 
 
The secondary outcome was usefulness of the Physiotherapy eSkills Training Online 
resource for learning practical skills.  The students’ perceptions were measured by 
rating four statements on a 10-cm visual analogue scale where 0 was defined as 
‘strongly disagree’ and 10 was defined as ‘strongly agree’ (Appendix B).  The 
statements were:  
1. The Physiotherapy eSkills Training Online resource improved my 
practical skills;  
2. The Physiotherapy eSkills Training Online resource helped me in my 
exam preparation;  
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3. The Physiotherapy eSkills Training Online resource has helped me or 
will help me on my clinical practicum;  
4. I would use the Physiotherapy eSkills Training Online resource as a new 
graduate. 
 
Participants were also invited to provide comments about the Physiotherapy eSkills 
Training Online resource. 
 
Statistical analysis 
Mean differences (95% CI) were determined for the total practical examination score 
(out of 25), for each of its components and for the responses to the four statements 
(out of 10).  Analysis by intention-to-treat was used, i.e. the data of all consenting 
participants in the experimental group were included in the analysis regardless of 
whether the Physiotherapy eSkills Training Online resource was utilised or not.  
 
RESULTS 
Flow of participants through the trial 
Fifty-nine students (95%) consented to participate in the study, 24 in the control 
group and 35 in the experimental group.  Four students from the experimental group 
and 4 students from the control group completed practical examinations of 
assessment skills, not intervention skills.  Consequently, data from 31 students in the 
experimental group and 20 students from the control group were included in the 
analysis.  Flow of participants through the trial is presented in Figure 3.3.  
Characteristics of the participants are presented in Table 3.1.  
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Figure 3.3.  Design and flow of participants through the trial. 
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Table 3.1 Characteristics of participants 
Characteristic Groups 
 Exp 
n = 31 
Con 
n = 20 
Age (yr), mean (SD) 25 (2.3) 26 (6.4) 
Sex, n male (%) 13 (37) 8 (33)                                        
English as a second language, 
n yes (%) 
0 (0) 2 (8) 
Previous experience with 
content, n yes (%) 
1 (3) 0 (0) 
Previous experience with 
online learning, n yes (%) 
35 (100) 24 (100) 
Previous experience with 
online learning of practical 
skills for physiotherapy, n yes 
(%) 
0 (0) 0 (0) 
   
Compliance with trial method 
Twenty-eight experimental participants (91%) utilised the Physiotherapy eSkills 
Training Online resource at least once.  
 
Effect of Physiotherapy eSkills Training Online resource 
Group data are presented in Table 3.2.  Individual data are presented in Appendix D. 
The experimental group scored 1.6 points out of 25 (95% CI -0.1 to 3.3) higher than 
the control group in the practical examination.  In addition, the experimental group 
scored 0.5 points out of 4 (95% CI 0 to 1.1) higher than the control group for the 
component ‘effectiveness of the practical skill’ and 0.6 points out of 4 (95% CI 0.1 – 
1.1) higher for the component ‘rationale for the practical skill’.   
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Table 3.2. Mean (SD) of practical examination marks for each group and difference 
(95% CI) between groups.   
 
 
The experimental group rated the Physiotherapy eSkills Training Online resource 
for: 
1. improving their practical skills as 8.4 out of 10 (95% CI 8.0 to 8.7) 
2. helping in examination preparation as 8.7 out of 10 (95% CI 8.3 to 9.1) 
3. helping on neurological clinical practicum as 7.6 out of 10 (95% CI 7.0 to 8.2) 
4. usefulness as a new graduate as 6.6 out of 10 (95% CI 5.8 to 7.4) 
Students provided the following statements about the value of the resource: 
 “[The resource] was VERY handy and useful”  
 “[The] format [was] great for learning – delicious!”  
Students provided the following statements regarding incorporation of video 
simulations into the Physiotherapy eSkills Training Online resource:  
“It was highly beneficial having a video to remind us of the skills we learnt in 
class” 
 “[It was] great to have a visual tool”.   
 
Outcome Groups  Difference between 
groups 
 Exp 
n = 31 
Con 
n = 20 
 Exp minus Con 
Total mark /25 19.7 (2.8) 18.1 (3.6)  1.6 (-0.1 to 3.3) 
Informed Consent /1 0.9 (0.3) 0.9 (0.3)  0 (-0.2 to 0.1) 
Rationale for the practical skill /4 2.7 (0.8) 2.1 (1.1)  0.6 (0.1 to 1.11) 
Explanation of the practical skill /2 1.8 (0.4) 1.6 (0.7)  0.2 (-0.1 to 0.5) 
Effectiveness of the practical skill /4 2.9 (0.8) 2.4 (1.2)  0.5 (0 to 1.1) 
Specificity of instructions and feedback /4 2.9 (0.8) 2.8 (0.9)  0.1 (-0.4 to 0.5) 
Progression of the practical skill /4 3.1 (0.6) 3.2 (0.8)  -0.1 (-0.5 to 0.3) 
Evaluation of the effectiveness of the 
practical skill /2 
1.9 (0.2) 1.8 (0.6)  0.2 (-0.1 to 0.4) 
Safety /3 2.4 (0.7) 2.4 (0.9)  0.1 (-0.4 to 0.5) 
Hygiene /1 1.0 (0) 1.0 (0)  0 (0 to 0) 
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DISCUSSION 
This study examined the effectiveness of the addition of an online resource to usual 
teaching in improving performance of practical skills in physiotherapy students.  
There was a trend towards students who had access to the Physiotherapy eSkills 
Training Online resource scoring higher in the practical examination than students 
who had usual teaching only.  The higher marks were accounted for mostly by the 
components of ‘rationale for the practical skill’ and ‘effectiveness of the practical 
skill’.  Furthermore, the students perceived that the online resource was very useful 
for learning practical skills.   
 
The Physiotherapy eSkills Training Online resource was delivered in addition to 
usual teaching which consisted of high face-to-face teaching hours, supported by 
demonstration of, practice of, and specific feedback about practical skills.  This usual 
teaching is already effective given that the average practical examination mark 
before implementation of the online resource was 18 out of 25.  In light of this, the 
trend towards a 1.6 mark increase represents a 23% increase out of the 7 remaining 
marks.  This improvement is probably the result of the resource being online since it 
enabled the opportunity to view, revise and consolidate the exact practical skills 
required, in the physical and social context of the students’ choice.   
 
The improvement observed in the total practical examination mark was accounted for 
largely by an increase in the components ‘effectiveness of the practical skill’ and 
‘rationale for the practical skill’.  There could be several reasons that students' ability 
to effectively perform the practical skill was enhanced by the Physiotherapy eSkills 
Training Online resource, the most important of which is likely to be the 
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demonstration of therapist-patient simulation via online video-clip streaming.  Video 
as a tool for teaching practical skills was demonstrated to be as effective as live 
demonstration in teaching practical skills to physiotherapy students (Maloney et al, 
2013).  This randomised trial compared traditional classroom based teaching; pre-
recorded video tutorials integrated within the traditional setting, and reflective self-
video of clinical skills.  All students performed comparably in practical 
examinations, although students in either video group reported a higher perceived 
educational value.  Unlike the students in Study 2, however, the students in this study 
only had access to the video demonstration during class time, thereby limiting its 
usefulness as a learning tool that allows for the learner to control the timing and 
frequency of observations.  Other studies indicate that e-learning resources which 
embed demonstration via video improve learning of practical skills (Dolan et al, 
2015; Kulier et al, 2012; Weiner et al, 2014).  Students' ability to effectively perform 
the practical skill may also have been enhanced by the use of patient simulation in 
the video clips utilised in the Physiotherapy eSkills Training Online resource.  There 
is strong evidence that patient simulation training (both online and face to face) 
significantly enhances knowledge, skills, and patient care (Cook et al, 2011).   
 
It is encouraging that the students’ ability to provide a rationale for the practical skill 
was also improved.  This may be as a result of the Physiotherapy eSkills Training 
Online resource containing supporting text describing the aim, rationale, equipment, 
key points, common errors and methods of progression; and a downloadable PDF 
document incorporating the online text information as well as demonstration of the 
therapist-patient simulation.  Importantly, the resource also relates each practical 
skill to the specific impairments and activity limitations of neurological conditions in 
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a clinical context.  Online learning incorporating clinical scenarios appears to 
increase confidence in performing practical skills (Hills et al, 2010), and a 
randomised trial demonstrated that principles and skills relating to safety in medical 
practice were learnt more effectively by interns when presented within clinical 
contexts compared with theory-only text (Shaw et al, 2012).   
 
There was no increase in marks in the components ‘specificity of instructions and 
feedback’ and ‘progression of the practical skill’ despite the inclusion of these 
aspects in the Physiotherapy eSkills Training Online resource.  However, prior to the 
implementation of the online resource, the average mark for feedback was 2.8 out of 
4 and for progression was 3.2 out of 4, leaving less room for improvement than other 
components.   
 
The Physiotherapy eSkills Training Online resource was well utilised with 91% of 
students in the experimental group using the online resource for learning practical 
skills.  There was strong agreement that the resource contributed to improvements in 
practical skills, and assisted in exam preparation.  Students also agreed that the 
resource would be useful for clinical practice both as a student and as a new 
graduate.   
 
Conclusion 
Given that there is scope to improve walking outcomes in stroke survivors, and that 
strong evidence exists to support the effectiveness of walking training in improving 
walking outcomes in this population (Ada et al, 2010; English and Hillier, 2010; 
Langhorne et al, 2009; Pak et al, 2008; Polese et al 2013; Veerbeek et al, 2011), it is 
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important that physiotherapy students are taught these skills effectively.  Access to 
an online resource in addition to usual teaching appeared to be effective in improving 
performance of practical skills related to the management of stroke in physiotherapy 
students.  This improvement is largely accounted for by an improvement in providing 
a rationale for the practical skill, as well as in the effective performance of the skill, 
reflecting both clinical reasoning and skill performance.  The resource was 
considered very useful by physiotherapy students.  This suggests that the 
development of online video simulations based on clinical scenarios may be useful in 
teaching and learning practical skills.    
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CHAPTER 4 
 
STUDY 3: PROMOTING PHYSICAL ACTIVITY AFTER STROKE VIA 
SELF-MANAGEMENT: A FEASIBILITY STUDY 
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The work presented in this chapter is being prepared for submission to the journal 
Neural Rehabilitation and Repair: 
 
Preston E, Ada L, Dean CM, Stanton R, Waddington G (2015) Promoting physical 
activity after stroke via self-management: A feasibility trial (in preparation) 
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INTRODUCTION 
Stroke survivors, like physiotherapy students, are required to learn new skills.  
People after mild stroke, in particular, must develop skills in increasing physical 
activity to minimise the risk of recurrent stroke.  Many cardiovascular risk factors 
that predispose people after mild stroke to recurrent stroke, including hypertension, 
high cholesterol and being overweight, can be ameliorated by physical activity 
(Whelton et al, 2002).  Study 1 demonstrated that the majority of stroke survivors 
regain the ability to walk, yet levels of physical activity remain very low in this 
population.  Even people after mild stroke, with minimal physical disability, have 
reduced levels of moderate and high intensity activity compared with before stroke 
(Hildebrand et al, 2012). 
 
Knowledge of stroke is poor in stroke survivors including knowledge of the benefits 
of physical activity on recurrent stroke risk (Kothari et al, 1997; Pancioli et al, 1998; 
Parahoo et al, 2003).  Maasland and colleagues (2007) surveyed stroke survivors 3 
months after stroke and found that only 26% of stroke survivors identified the brain 
as the affected organ, and only 37% gave an accurate description of a transient 
ischaemic attack or stroke.  Lack of knowledge may lead to sub-optimal or 
inappropriate health behaviours, so health education regarding stroke is 
recommended (Croquelois, 2006; Sappok et al, 2001).  Many stroke survivors are 
willing to increase knowledge (Rodgers et al, 2001), but studies regarding the 
efficacy of education have been inconsistent (Green et al, 2007).  Many education 
programs early after stroke are general in nature, leaving stroke survivors with 
specific questions related to their individual circumstances unanswered (Tang and 
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Newcombe, 1998) and consequently leaving patients dissatisfied (Rodgers et al, 
2001). 
 
Self–management combines education of a patient, with guidance and support in the 
practical application of this information, in a context relevant to that patient (Bycroft 
and Tracey, 2006), and may be one strategy which can empower stroke survivors to 
increase physical activity.  Effective self-management programs include specific 
techniques based on theories of behavioural change and self-efficacy (Jones and 
Riazi, 2011).  Behaviour change techniques important to self-management include 
providing education about the relationship between behaviour and health, as well as 
consequences of behaviour (e.g. recurrent stroke); encouraging goal setting, barrier 
identification and development of solutions for overcoming barriers; providing 
instruction on implementation of the behaviour; promoting self-monitoring; 
providing follow-up, encouragement and praise; and generating strategies for relapse 
(Abraham and Michie, 2008).  It is proposed that behaviour change is underpinned 
by self-efficacy, which is a person’s belief in his or her capacity to implement the 
behaviours necessary to create specific performance outcomes (Bandura, 1997).  In 
relation to physical activity, self-efficacy relates to how much confidence a person 
has in his or her ability to complete physical activity under a variety of conditions, 
for example in the presence of tiredness, bad weather or boredom.  Self-efficacy 
determines the type of goals a stroke survivor will set in relation to physical activity, 
as well the amount of effort he or she will invest to achieve those goals (Dixon et al, 
2007).  
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There are no studies which examine whether self-management can promote physical 
activity in people after mild stroke, and studies which have included physical activity 
as one element of a self-management program, have been contradictory.  Damush et 
al (2011) carried out a randomised trial to examine the effects of a 3 month self-
management program, which included 24 topics, 2 of which were about physical 
activity.  After the intervention, participants reported completing an increase of 
47min/week of physical activity, compared with a 3 min/week decline in the control 
group.  However, the control group was more physically active at baseline, so these 
results should be viewed cautiously.  On the contrary, Gill and Sullivan (2011) found 
no difference between groups after implementing a 3-week self-management 
program aimed at increasing physical activity in stroke survivors.  However, it is 
likely that 3 weeks is not enough time to develop the skills required for changing 
behaviour. 
 
The aim of this Phase I trial, therefore, was to test the feasibility of a self-
management program, containing both standardised and individualised components, 
based on effective behaviour change techniques, as an intervention to increase the 
percentage of stroke survivors with mild disability who meet the national physical 
activity guidelines.  Specifically, our research questions were: 
1. What is the feasibility of a clinical trial examining self-management for 
stroke survivors with mild disability?  Specifically, with regard to the 
intervention and measurement protocols, participant adherence and 
perception, adverse effects, ease of implementation, and research 
implications (i.e. recruitment and participant flow). 
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2. Does self-management have the potential to increase daily physical 
activity, improve cardiovascular risk, self-efficacy, quality of life, 
participation and walking ability in stroke survivors with mild disability 
in the short term (3 months) and long term (6 months)? 
 
METHOD 
Design 
A Phase I single group within-participant repeated measures design was used to 
test feasibility. Stroke survivors were recruited from two acute stroke units in a 
metropolitan area.  Participants who were discharged directly home with mild 
disability after stroke completed a 3-month self-management program, provided in 
the participant’s home.  Measures were collected at baseline, at 3 months, and at 6 
months by an assessor blinded to the study objectives.  Ethical approval was 
obtained from the health service and university human research ethics committees 
(Appendix A).  All participants were provided with written information about the 
aims of the study (Appendix A) and gave written informed consent (Appendix A).  
The trial was registered with the Australian New Zealand Clinical Trials Registry 
(ACTRN12614000205639).  
 
Participants 
Participants were adults who had suffered a mild stroke and were being discharged 
directly home from an acute stroke unit.  To be eligible for inclusion, stroke 
survivors had to be able to walk 10 m across flat ground without any aids at a speed 
of ≥ 0.8 m/s; and score ≥ 24 on the Mini Mental State Examination.  They were 
excluded if they had moderate to severe receptive aphasia as determined by a score 
of <25/30 on the Frenchay Screening Aphasia Test (Enderby et al., 1987).  This 
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ensured that they were able to be actively involved in the intervention.  Eligible 
participants were enrolled if they resided in the catchment area for the health service, 
they consented to participate and they were deemed medically fit to participate in 
physical activity by the neurologist.  Demographic information, including age, 
gender and type of stroke were collected at baseline. 
 
Intervention 
The intervention was a self-management program, incorporating techniques 
important to behaviour change, based largely on the frameworks of Social Cognitive 
Theory (Bandura, 1977) and the Control Theory (Carver and Scheier, 1998).  A 
protocol for intervention, which included standardised components, and components 
which could be individualised for each participant, was developed and implemented 
in 5 sessions (Appendix C).  The specific techniques included were guided by the 
work of Abraham and Michie (2008).  Components that were standardised included 
the place, timing and scope of each intervention session.  Sessions were implemented 
in collaboration with the participant, as well family member or carer as appropriate, 
in the participant’s home.  Each session was allocated 60 minutes.  The first two 
intervention sessions were delivered at 1-week intervals, the third after a 2-week 
interval, and the fourth and fifth after 4-week intervals.  Session 1 included education 
about the importance of physical activity, completion of a physical activity 
preferences questionnaire and generation of a list of goals, barriers and potential 
solutions (see Appendix C).  Session 2 included revision of goals, barriers and 
solutions, development of a weekly physical activity schedule, selection of self-
monitoring strategies, and implementation of the initial physical activity session.  
Session 3 included feedback about initial measurement outcomes, revision of goals 
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and self-monitoring strategies, revision of the physical activity schedule, 
encouragement and praise.  Session 4 included revision of goals and self-monitoring 
strategies, relapse prompting, encouragement and praise.  Session 5 included 
feedback about 3 month measurement outcomes, revision of the physical activity 
schedule, relapse prompting, encouragement and praise.  Individualised elements 
included the specific goals, barriers and solutions the participant generated, the 
choice and schedule of physical activity, and the self-monitoring strategy employed. 
 
Outcome measures 
Feasibility of the recruitment, measurement and intervention protocols was 
examined.  Feasibility of recruitment was measured by recording the number of 
participants screened, the number eligible for inclusion and the number of people 
who consented to participate.  Feasibility of the measurement protocol was measured 
by recording the travelling distance and time taken to complete the measures.  
Feasibility of self-management was measured by recording adverse events (fatigue, 
muscle soreness, non-injurious falls, injurious falls, hospitalisation and death), time 
taken to implement self-management sessions, and a customized survey to determine 
participant perception of the intervention. 
 
The primary measure to determine whether self-management may be effective in 
increasing physical activity was amount of moderate physical activity per day.  
Secondary measures included cardiovascular risk, self-efficacy, participation, quality 
of life, and walking ability.  Physical activity was measured using the Bodymedia 
Sensewear armband (St-Onge et al, 2007), a multisensor array, worn on the 
participant’s arm.  The Bodymedia Sensewear armband gathers raw physiological 
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data on movement (through a biaxial accelerometer), heat flux, skin temperature, 
near body temperature, and galvanic skin responses, and then utilises algorithms to 
process the raw data into energy expenditure (Moore et al, 2012), thereby allowing 
assessment of adherence to the national physical activity guidelines.  Physical 
activity was monitored during waking hours for 7 days. Energy expenditure greater 
than 3 metabolic equivalents (METs) was classified as moderate physical activity.  
The energy expenditure data from the armband have been found to be valid in a 
similar population of stroke survivors who could walk > 0.8 m/s (Moore et al, 2012).  
Amount of physical activity [number of steps/day and time walking (min/day)] was 
also measured with the Bodymedia Sensewear armband.   
 
To determine whether self-management had an effect on recurrent stroke risk, 
cardiovascular risk was measured as body mass index (kg/m2), waist circumference 
(cm) and blood pressure (mmHg) according to the American College of Sports 
Medicine guidelines (2013).  To determine whether self-management had an 
impact on the ability to participate in daily activities, or health-related quality of 
life, four sections of the Impact on Participation and Autonomy Questionnaire 
(IPAQ) including mobility, activities in and around the house, leisure and the 
concluding section were measured (Cardol et al, 1999), as well as the overall health 
visual analogue scale from the EuroQual-5D, which rates health state out of 100 
(EQ-5D) (Kind et al, 2005).  Given self-efficacy is thought to be integral to 
behaviour change, self-efficacy was measured using the Self-efficacy for Exercise 
scale, in which participants rate their confidence in completing exercise against 9 
different statements (Resnick and Jenkins, 2000).  A participant’s ability to 
participate in physical activity may be influenced by his or her ability to walk; 
therefore walking was measured using both the 6-min Walk Test (6MWT), as a 
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measure of walking endurance, according to the American Thoracic Society 
guidelines (2002), and the 10-m Walk Test at both self-selected and fast speed 
(m/s).  Step length (m) and cadence (steps/min) during the 10-m walk test were 
also recorded.  Both the 6MWT and 10-m Walk Test have high reliability and 
validity in the stroke population (Collen et al, 1990; Flansbjer et al, 2005; Kosak & 
Smith, 2005; Tyson & Connell, 2009).  The measurement protocol and 
measurement tools are presented in Appendix B. 
 
Statistical analysis 
Feasibility was determined using descriptive statistics.  Risk difference was used to 
determine the proportion of stroke survivors meeting the national physical activity 
guideline before and after the intervention, and at follow-up.  Other measures of 
effectiveness were determined by paired t-tests, with mean and 95% confidence 
intervals.  If data were missing at 3 months, 6 month data were imputed.   
 
RESULTS 
Flow of participants through the study 
A total of 120 stroke survivors were screened for eligibility for the trial.  Forty-five 
patients were eligible, but 23 declined to participate, 4 were unable to participate 
because they were discharged interstate, and one was not provided with medical 
clearance to participate.  Therefore, 17 stroke survivors were enrolled in the trial.  
The mean age of participants was 68 years (SD 13), and the mean time since stroke 
was 16 days (SD 7).  The flow of participants through the trial is shown in Figure 
4.1.  The characteristics of the participants are presented in Table 4.1.   
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Figure 4.1 Flow of participants through the trial 
Screened participants (n = 120) 
Eligible participants (n = 45) 
Declined participation (n = 23) 
Discharged interstate (n = 4) 
Medical clearance not obtained (n = 1) 
Baseline measures 
Physical activity 
Risk (BMI, BP, waist circumference) 
Participation (IPAQ) 
Quality of Life (EuroQual 5D) 
Self-Efficacy (SEE) 
Walking ability (10-m walk test, 6MWT) 
Follow-up intervention measures 
Physical activity 
Risk (BMI, BP, waist circumference) 
Participation (IPAQ) 
Quality of Life (EuroQual 5D) 
Self-Efficacy (SEE) 
Walking ability (10-m walk test, 6MWT) 
Post intervention measures 
Physical activity 
Risk (BMI, BP, waist circumference) 
Participation (IPAQ) 
Quality of Life (EuroQual 5D) 
Self-Efficacy (SEE) 
Walking ability (10-m walk test, 6MWT) 
Participants lost to Week 
12 measures (n = 3) 
Participants lost to Week 
26 measures (n = 5) 
Week 26 
Week 12 
Week -1: Education, generate goals and strategies to overcome barriers 
Week 0: Commence physical activity program, strategies for self-monitoring 
Week 2: Encouragement, praise, review program 
Week -2 
Week 6: Encouragement, praise, review program 
Week 13: Review goals, barriers, physical activity program, self-monitoring, 
encouragement, praise 
n = 17 
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Table 4.1 Characteristics of participants 
Characteristic   n = 17 
Age (yr), mean (SD) 68 (13) 
Sex, n males (%) 12 (70) 
Time since stroke (d), mean (SD) 16 (7) 
Side of hemiplegia, n right (%) 13 (75) 
BMI (kg/m2), mean (SD) 30 (5) 
History of hypertension, n yes (%) 10 (59) 
History of hypercholesterolaemia, n yes (%) 7 (41) 
Current smoker, n yes (%) 2 (12) 
 
Feasibility 
The feasibility of self-management is presented in Table 4.2.  Individual data are 
presented in Appendix D.  All measures were obtained from all participants at 
baseline, which was an average of 11 (SD 7) days after discharge from the acute 
stroke unit.  At 3-months, three participants had dropped out of the study: two had 
severe reactions to medication resulting in liver failure and one had a recurrent 
stroke.  One participant was not available for measurement, so the data from 6 
months were imputed.  One participant failed to wear the Sensewear armband at 3 
months, so physical activity data were available for 13 participants.  At 6 months a 
further 2 participants had dropped out; one due to respiratory illness, and one due to 
work commitments.  None of the participants cited the intervention as the reason for 
discontinuing participation.  
 
Sixty three out of a potential 67 (96%) of the prescribed intervention sessions were 
completed by participants who remained in the trial.  There were 59 episodes of 
muscle soreness relating to physical activity reported during the intervention (i.e. 5% 
of the total possible days the participants’ could perform physical activity).  Thirty-
three of these episodes were reported by the same participant due to pre-existing hip 
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pain when walking.  One participant fell resulting in a spinal fracture, and another 
four participants were hospitalised during the intervention; one with atrial 
fibrillation, one with recurrent stroke, one with pneumonia, and one with recurrent 
lower limb paraesthesia.  None suffered onset of symptoms during physical activity.  
Two of these participants dropped out as a result of ongoing complications related to 
their hospital admissions.   
 
Table 4.2 Feasibility and adverse events 
Measure of feasibility n = 17 
Baseline measures, n completed (%) 17 (100) 
3-month measures, n completed (%) 14 (76) 
6-month, n completed (%) 12 (71) 
Measurement time (min), mean (SD) 44 (10) 
Measurement travelling distance (km), mean (SD) 37 (14) 
Intervention time (min), mean (SD)  
Session 1 51 (13) 
Session 2 38 (10) 
Session 3 37 (10) 
Session 4 37 (9) 
Session 5 40 (16) 
Intervention attended, n yes (%) 67 (96) 
Adverse events  
Muscle soreness, n days reported (%) 59 (5) 
Fatigue, n days reported (%) 0 (0) 
Non-injurious falls, n yes  0 (0) 
Injurious falls, n yes 1 
Hospitalisation, n yes 5 
Atrial fibrillation, n yes 1 
Pneumonia, n yes 1 
Recurrent stroke, n yes 1 
Spinal fracture post fall, n yes 1 
Recurrent leg paraesthesia, n yes 1 
Death 0 
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Eight participants returned the customised survey.  All participants agreed that self-
management was a useful strategy for increasing physical activity, and for improving 
confidence and skills related to participating in regular physical activity.  
 
Table 4.3 Participants’ perception, mean (SD)  
Statement n = 8 
I could participate in the self-management program 4.6 (0.5) 
It was helpful in increasing physical activity 4.6 (0.5) 
It built confidence in overcoming barriers related to physical activity 4.4 (0.6) 
It built confidence in my ability to maintain physical activity 4.4 (0.5) 
It provided me with skills that will allow me to overcome barriers to physical activity 4.1 (0.5) 
I would recommend self-management to other people after mild stroke 4.6 (0.6) 
0 = strongly disagree, 5 = strongly agree 
 
Participants provided the following statements about self-management to increase 
physical activity: 
“The program provided motivation to…engage in daily exercise” 
“I continue to exercise daily…which has greatly assisted my recovery to good 
health” 
“I strongly recommend the program to other patients with strokes”. 
 
Effect of the intervention 
The effects of self-management are presented in Table 4.4, and Table 4.5.  Individual 
data are presented in Appendix D.  At three months, 38% more participants were 
completing 30 minutes of moderate activity per day (risk difference 0.38, 95% CI 0.4 
to 0.64).  Participants completed 31 min/day more physical activity (95% 0 to 62, p = 
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0.07) and had improved self-efficacy for exercise (1.5 out of 10; 95% CI 0.4 to 2.6, p 
= 0.01), participation (mean difference 7 out of 54; 95% CI 3 to 11, p = 0.001), 
quality of life (mean difference 17 out of 100; 95% CI 7 to 27, p = 0.004), walking 
endurance (mean difference 38 m; 95% CI 1 to 75, p = 0.04) and comfortable 
walking speed (mean difference 0.11 m/s; 95% CI 0.01 to 0.21, p = 0.05). 
 
At 6 months 13% more participants completed 30 minutes of moderate activity per 
day (risk difference 0.13, 95% CI -23 to 44) than at baseline, but this was no longer 
significant, nor was the daily amount of physical activity (13 min/day, 95% CI -17 to 
43, p = 0.4).  Self-efficacy for exercise (mean difference 2.2 out of 10; 95% CI 1.0 to 
3.4, p = 0.002) and walking ability improved during the follow-up period (endurance 
56 m, 95% CI 14 to 98, p = 0.01; comfortable walking speed 0.17 m/s, 95% CI 0.06 
to 0.28, p = 0.02), and participation (mean difference 9 out of 54; 95% CI 4 to 14, p 
= 0.004), and quality of life (mean difference 18 out of 100; 95% CI 5 to 31, p = 
0.001) were maintained.   
 
There was no effect of self-management at 3 months or at 6 months on BMI, waist 
circumference, blood pressure, fast walking speed, or average number of steps taken 
per day. 
 87 
 
 
Table 4.4 Number and % of participants completing 30 min/day moderate activity for each group, and mean (95% CI) risk difference 
 
 
 
 
 
 
Outcome  Groups  Difference between groups 
  Baseline 
n = 13 
Week 12 
n = 13 
Week 26 
n =12 
 Week 12 minus baseline Week 26 minus baseline 
Participants completing 30 min/day   7 (54) 12 (92) 8 (67)  0.38 (0.04 to 0.64) 0.13 (-0.23 to 0.44) 
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Table 4.5 Mean (SD) outcome for each group, mean (SD) within-group difference and mean (95% CI) between-group difference
Outcome  Groups  Difference between groups  
  Baseline 
n = 14 
Week 12 
n = 14 
Week 26 
n =12 
 Week 12 minus 
baseline 
Week 26 minus 
baseline 
Amount moderate physical activity (min/day)  55 (55) 85 (49) 
(n = 13) 
64 (48)  31 (0 to 62) 13 (-17 to 43) 
Step count (steps/day)   4811 (2375) 6007 (3068) 
(n = 13) 
4936 (2794) 
 
 1196 (-1128 to 3520) 119 (-2062 to 2300) 
6 min walk distance (m)  461 (104) 500 (107) 523 (87)  38 (1 to 75) 56 (14 to 98) 
10-m Walk Test (m/s) 
comfortable speed 
  
1.2 (0.32) 
 
1.31 (0.22) 
 
1.38 (0.20) 
  
0.11 (0.01 to 0.21) 
 
0.17 (0.06 to 0.28) 
fast speed  1.6 (0.45) 1.62 (0.30) 1.74 (0.36)  0.02 (-0.08 to 0.12) 0.10 (-0.13 to 0.33) 
IPAQ (0-54)  12 (10) 5 (5) 5 (5)  7 (3 to 11) 9 (4 to 14) 
EuroQual (0- 100)  66 (21) 83 (7) 84 (7)  17 (7 to 27) 18 (5 to 31) 
Self-efficacy for exercise (0- 10)  6.6 (2.4) 8.1 (1.3) 8.6 (1.0)  1.5 (0.4 to 2.6) 2.2 (1.0 to 3.4) 
BMI  30 (5) 29.5 (4) 30 (5)  0.5 (CI 0 to 1) 0 (-0.5 to 0.5) 
Waist circumference (cm)  110 (2) 107(11) 106 (12)  3 (1 to 5) 2 (-1 to 5) 
Blood pressure 
systolic (mmHg) 
  
136 (13) 
 
138 (13) 
 
146 (15) 
  
2 (-6 to 10) 
 
8 (0 to 15) 
diastolic (mmHg)  73 (11) 74 (12) 79 (9)  1 (-5 to 7) 3 (0 to 6) 
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DISCUSSION   
A three-month self-management program, comprising 5 home-based sessions, with 
the aim of increasing physical activity appears to be feasible in people after mild 
stroke.  There was a 29% drop-out rate, but these participants, with one exception, 
had serious co-morbidities.  In the remaining participants, 96% of self-management 
sessions were completed, and participants perceived self-management as very 
useful for increasing physical activity.  Self-management may also have a positive 
effect on physical activity in the short term.  38% more stroke survivors were 
completing 30 minutes of moderate activity/day, and on average, stroke survivors 
completed 26 min/day more physical activity at 3-months after stroke.  
Improvements in self-efficacy for exercise and walking ability were evident at three 
months, and continued over the follow-up period.  Participation and quality of life 
increased at 3 months, and this was maintained at 6 months.  There was no change 
in measures of cardiovascular risk.   
 
The self-management program was feasible and well tolerated by participants who 
completed it; however, the drop-out rate was high largely due to significant 
ongoing health problems.  This suggests that not all patients after mild stroke have 
a rapid and complete recovery, as is commonly perceived.  This was evident in 
participants who remained in the trial, all of whom described barriers to physical 
activity directly related to the consequences of stroke, including fatigue, impaired 
memory, emotional lability and low mood.  This is consistent with recent studies of 
mild stroke survivors which found that quality of life (Tellier et al, 2011), 
participation in activities of daily living (Hildebrand et al, 2012), fulfilment of 
social roles, (Rochette et al, 2007), and mood (Altieri et al, 2012) are all negatively 
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impacted by mild stroke.  A randomised study indicated that 12 months after mild 
stroke, 16% of participants were still reporting difficulties in their relationships, 
34% in working, and 49% in recreation, suggesting the needs of mild stroke 
survivors are not being met (Rochette et al, 2013).  Furthermore, perceived 
recovery after mild stroke has been positively correlated with amount of physical 
activity (Wolf et al, 2013), so managing the sequelae of mild stroke may be an 
important step in promoting physical activity. 
 
While no participants reported an increase in fatigue as an adverse consequence of 
participating in physical activity, all participants complained of general fatigue as a 
major impairment impacting on their daily lives, and a barrier to increasing 
physical activity.  Fatigue is defined as a feeling of physical tiredness and lack of 
energy, even without substantial effort (Staub et al, 2001).  It is common after 
stroke, occurring in 68% of stroke survivors compared with 36% of older adults, 
and is independent of stroke type, location, severity and extent of activity 
limitations (Ingles et al, 1999).  It impacts on stroke survivors’ physical and 
psychosocial functioning, and 40% of stroke patients consider fatigue to be the 
most significant impairment after stroke (Ingles et al, 1999).  The education and 
support provided by the self-management program appeared to be helpful in 
reassuring participants with regard to fatigue, and assisting them to overcome 
fatigue as a barrier to physical activity.  For example: 
“Without this assistance I could have lapsed into a sense of malaise, [but 
now] I continue to exercise daily”. 
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Several other factors require consideration in regard to the feasibility of examining 
self-management for increasing physical activity in patients after mild stroke.  The 
eligibility criteria for this trial did not exclude participants who were already 
physically active, as it was expected that these participants would choose not to 
participate.  However, 54% of participants were already completing 30 minutes of 
moderate activity every day.  Removing these participants from the analysis results 
in 83% (risk difference 0.83, 95% CI 0.44 to 0.97) more participants performing 30 
minutes of moderate physical activity each day after 3 months, and 50% (risk 
difference 0.50, 95% CI 0 to 0.81) more after 6 months.  It increases the amount of 
moderate daily physical activity by 44 minutes (95% CI 8 to 80) at 3 months, and 
by 42 minutes (95% CI -4 to 88) at 6 months.  This suggests that self-management 
may be more useful for participants who are not already meeting the national 
physical activity guidelines.   
 
Another challenge with regard to feasibility was the use of the Sensewear armband 
to collect physical activity data.  Two participants reported a strong dislike of 
wearing the Sensewear armband, and one participant refused to wear it because it 
may be visible to work colleagues.  Two participants required 2 additional phone 
calls each to clarify instructions for wearing the Sensewear armband.  On 7 
occasions, the Sensewear armband failed to collect physical activity data, so 
participants were required to wear the device for a second 7-day period.  This 
represents missing data on 17% of occasions the Sensewear armband was used.  
Since commencing this study, the validity and reliability of the Sensewear armband 
in stroke survivors has been further examined, and results indicated that the 
Sensewear armband failed to collect data 23% of the time, and had a high absolute 
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error for all walking tasks (Mahendran et al, under review).  Consequently, an 
alternative, such as the Actigraph, which also measures amount and intensity of 
physical activity in neurological populations (Wiekert et al, 2010), should be 
considered for future research.  
 
Self-management increased the proportion of mild stroke survivors who were 
completing 30 minutes of moderate physical activity a day, as well as the overall 
amount of physical activity completed each day.  Participants’ ability to perform 
physical activity also improved at 3 months.  It is possible that both increased self-
efficacy and walking ability contributed to the greater amount of physical activity 
evident.  Self-efficacy has been suggested as an important indicator of stroke 
outcome, because it determines a person’s ability to persevere in the presence of 
obstacles (LeBrasseur et al, 2006).  Self-efficacy is positively correlated with 
quality of life after stroke (Jones and Riazi, 2011; Robinson-Smith et al, 2000), as 
well as independence in activities of daily living (Hellstrom et al, 2003; Jones and 
Riazi, 2011).  This is supported in this study, as both quality of life, and ability to 
participate in daily life, improved by 13% and 17% respectively, consistent with the 
average increase in self-efficacy (15%).   
 
Walking ability and self-efficacy continued to increase between 3 and 6 months. It 
is possible that participants had developed sufficient self-management skills to 
continue to improve self-efficacy independently during this time.  Self-efficacy has 
also been shown to have a small, but significant relationship with walking 
outcomes after stroke (Bonetti & Johnston, 2008), which may account for the 
improvement in walking.  There may also have been a practice effect on walking, 
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given that all but one participant included regular walking in their physical activity 
program.  This is an encouraging finding, given that participants were not receiving 
any specific rehabilitation for walking.   
 
One of the main aims of increasing physical activity in people after mild stroke is to 
decrease cardiovascular risks, thereby decreasing the likelihood of recurrent stroke.  
However, in the present study, despite the increase in physical activity, there was 
no clinically significant change to cardiovascular risk, determined by waist 
circumference, BMI or blood pressure.  There may be several reasons for this 
finding.  Firstly, participants were not hypertensive at baseline, so blood pressure 
would not be expected to reduce further.  Although there was a trend for increased 
systolic and diastolic blood pressure during the intervention, it was not clinically 
significant, and both remained within a normotensive range.  Secondly, it may be 
that fasting blood tests are more sensitive in examining cardiovascular risks, such 
as high cholesterol and high blood glucose, so should be considered as a measure in 
future research.  Despite this, there is clear evidence that increased physical activity 
is independently associated with decreased stroke risk (Lee et al, 2003), so the 
potential effect of self-management for increasing physical activity should not be 
dismissed.  Also, participants’ step counts did not change after intervention, despite 
the increase in physical activity.  This suggests that in mild stroke survivors’ step 
counts are not reflective of intensity of physical activity, which is consistent with 
findings of other studies (English et al, 2014).   
 
In conclusion, this Phase I feasibility study suggests that self-management is 
feasible and well tolerated by patients after mild stroke.  Participants’ perceived the 
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self-management program as very useful for increasing physical activity.  It also 
appears to be a promising strategy for increasing the proportion of stroke survivors 
who meet the national physical activity guidelines, as well as for increasing 
absolute amount of physical activity in mild stroke survivors.  The findings warrant 
further examination in a Phase II pilot randomised study.  
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DISCUSSION 
The aim of this thesis was to utilise education of physiotherapists, physiotherapy 
students and stroke survivors to enhance mobility, in particular walking and 
physical activity, after stroke.  This was achieved by a systematic evaluation of 
walking outcome after stroke; by evaluating the effectiveness of e-learning in the 
education of physiotherapy students regarding the practical skills required for 
rehabilitation of walking after stroke; and by determining the feasibility and 
potential effectiveness of self-management to empower stroke survivors to increase 
physical activity.  This chapter will summarise the main findings of the studies 
presented in this thesis, and given these studies were carried out over a 5-year 
period, recent evidence related to prognosis of walking after stroke, e-learning in 
teaching practical skills, and self-management for stroke survivors will be 
discussed.  Implications, in terms of both future research, and clinical and 
educational practice will be highlighted, and the limitations of the studies will be 
considered.  
  
SUMMARY OF FINDINGS 
Study 1 contributed new evidence to the professional body of knowledge regarding 
walking prognosis after stroke in patients who are initially non-ambulatory.  The 
meta-analysis of available data found that 60% of initially non-ambulatory stroke 
survivors managed in a rehabilitation unit regained independent walking at 3 
months and this increased to 65% by 6 months after stroke, whereas only 39% of 
initially non-ambulatory stroke survivors managed in an acute unit regain 
independent walking. However, at 6 months after stroke, a similar proportion of 
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patients managed in an acute unit (69%) regained independent walking to those 
managed in a rehabilitation unit.   
 
These findings are positive, and demonstrate that a majority of non-ambulatory 
stroke survivors will regain independent walking, but they also suggest that there is 
scope to increase this likelihood further.  One way of achieving this is to ensure 
physiotherapy students are taught effective skills for rehabilitation of walking after 
stroke.  Study 2 demonstrated that there was a trend towards students who had 
access to the Physiotherapy eSkills Training Online resource scoring higher in the 
practical examination by an average of 1.6 points out of 25 than students who had 
usual teaching only.  The higher marks were accounted for largely by significant 
improvements in the students’ ability to implement the skill effectively and to 
provide a rationale for the implementation of the practical skill.  Students also 
perceived that the e-learning resource was very useful for learning practical skills 
related to rehabilitation of walking after stroke.   
 
Like students, stroke survivors are also required to learn new skills.  In the case of 
patients after mild stroke, learning how to increase physical activity becomes 
imperative to decrease the risk of recurrent stroke.  As such, Study 3 investigated 
whether self-management, as a strategy for promoting behaviour change, was 
feasible and potentially effective for increasing physical activity after mild stroke.  
Self-management was found to be feasible, and although 29% of participants had 
dropped out at 6 months, the remaining participants completed 96% of the 
intervention sessions, and reported no adverse effects, other than muscle soreness 
on 5% of days during the intervention.  Intervention sessions took an average of 41 
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minutes, and participants perceived the program as useful for increasing physical 
activity.  The results suggested that self-management can increase the proportion of 
participants who complete 30 min/day of moderate activity, as well as the average 
time spent in moderate physical activity/day.  Self-management can also improve 
self-efficacy for exercise, walking ability, participation and quality of life, but there 
was no effect in cardiovascular risk.   
 
COMPARISON WITH RECENT LITERATURE 
Study 1 
There has only been one study published since Study 1 was carried out which 
would have been included in the systematic review, based on the same systematic 
search and inclusion criteria.  Kwah et al (2013) examined prognosis of walking in 
non-ambulatory stroke survivors within the first month of stroke in a prospective, 
consecutive study.  Of the 114 stroke survivors who were initially non-ambulatory, 
70% (95% CI 62 to 79) could walk independently at 6 months after stroke, which is 
consistent with the findings of Study 1.  However, in this study, the tool used to 
measure walking was the Motor Assessment Scale for Stroke (MAS), which defines 
independent walking as walking without mechanical assistance, unlike the majority 
of studies included in the meta-analysis in Study 1, consequently the results are 
more positive.  It is possible that the encouraging outcome demonstrated for non-
ambulatory stroke survivors in this study is in part due to the setting; participants 
were in an Australian stroke rehabilitation service, where rehabilitation is well-
resourced to provide intensive, evidence based rehabilitation, so the results may not 
be generalisable to all countries.  Study 1 included studies from international 
settings, consequently, the results of Study 1 are applicable to all non-ambulatory 
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stroke survivors within the first month of stroke.  The influence of rehabilitation on 
walking may need to be considered when applying the outcomes of Study 1, 
however, because strong evidence exists to support the effectiveness of walking 
training in improving walking outcomes in stroke survivors (Ada et al, 2010; 
English and Hillier, 2010; Langhorne et al, 2009; Pak et al, 2008; Polese et al 2013; 
Veerbeek et al, 2011).  Subsequently, the probabilities derived in Study 1 may be 
an underestimate in settings which have intensive, well-resourced, evidence based 
rehabilitation for stroke survivors, and an overestimate in settings with limited 
rehabilitation resources.  
 
Study 2 
The findings of Study 2 have also been supported more recently.  A controlled 
study examining the effectiveness of e-learning in teaching medical students the 
practical skills related to chronic low back pain, demonstrated that an e-learning 
module was significantly more effective than traditional classroom based learning 
(Weiner et al, 2014).  A randomised trial of 166 trainee obstetric physicians had 
similar findings (Kulier et al, 2012).  Both these studies examined e-learning 
resources which included video clips of the practical skills required, which depicted 
simulated patients in clinical contexts, and written text regarding common errors.  
In both studies students had access to the e-learning resource for an extended period 
(6-8 weeks).  These findings reinforce the likelihood that e-learning is effective for 
learning of practical skills.   
 
However, Dolan et al (2015) carried out a randomised trial comparing classroom 
based teaching with e-learning for practical skills related to electrocardiographic 
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electrode placement and interpretation in health students.  The results demonstrated 
no difference in learning between the groups, except in the sub-component of 
accuracy of electrode placement, where the students in e-learning group performed 
an average of 2.1 points out of 20 (95% CI 0.23 to 3.97) worse than students in the 
classroom-based teaching group.  These students did not have access to usual 
teaching, like in Study 2, and it may be that some practical skills are too complex to 
learn without real-time feedback from a tutor.  Also, these students only had access 
to e-learning for 1 week, which may be an insufficient period of time to optimise 
the potential of e-learning; e-learning may be more valuable for learning over a 
longer period of time.   
 
While there is support in recent studies for using e-learning for teaching practical 
skills, the results of Study 2 are only generalisable to certain contexts.  The 
participants in Study 2 were all physiotherapy students in an Australian graduate-
entry Master’s degree, reflecting a population that is highly engaged, with 
substantial motivation to learn given the cost of higher education.  The average age 
of the participants was 25 years, reflecting a group who are familiar with online 
resources.  Moreover, Study 2 was implemented in the context of a highly 
structured tertiary curriculum, where learning is both a requirement and an 
expectation of the participants, and where participants are well-resourced for 
learning.  It is reasonable, therefore, to extrapolate the findings of this study to 
teaching and learning practical skills in other tertiary health programs, because 
these students will have a similar profile.   
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E-learning may be cautiously applied to education in clinical physiotherapy settings 
in Australia given that the median age range of practicing physiotherapists is 25-34 
years old (Health Workforce Australia, 2014), and that continuing education is not 
only a professional expectation, but a requirement for ongoing registration to 
practice.  E-learning for learning practical skills may be feasibly used as an adjunct 
to face to face workshops, particularly to facilitate greater access for 
physiotherapists working in rural and remote areas. It must be noted, however, that 
the aim of Study 2 was to improve practical skills, not theoretical knowledge, or 
clinical reasoning, and this scope may be too narrow for continuing education of 
practicing physiotherapists.  As discussed above, however, e-learning has been 
demonstrated to be effective in other health professions in clinical contexts (Cook 
et al 2010).  
 
Study 3 
Just as e-learning has been increasingly studied, self-management for promoting 
recovery after stroke has gained interest since the commencement of this thesis.  A 
systematic review of 15 studies investigating self-management after stroke 
concluded that there is some evidence that self-management interventions are 
effective for stroke survivors, however, the optimal content and delivery of self-
management programs is not yet clear (Lennon et al, 2013).  Self-management 
programs with demonstrated efficacy all incorporated information provision, goal 
setting, and problem solving, all of which were included in Study 3.  None of the 
studies included in this review, however, examined the effect of self-management 
on physical activity.   
 
 102 
 
A more recent systematic review of 4 studies examining self-management programs 
which included at least one element targeting physical activity after stroke, 
concluded that the efficacy of self-management for increasing physical activity 
remains unclear (Jones et al, 2015).  Three studies included in this review suggested 
that self-management may increase physical activity (Sit et al 2007, Damush et al 
2011, Kim et al 2013), but each had low methodological quality, and the variability 
of interventions and measures prevented a meta-analysis from being completed 
(Jones et al, 2015).  Both Jones et al (2015) and Lennon et al (2013) concluded that 
while there is potential for embedding self-management into stroke rehabilitation, 
further randomised trials are required, which have clear aims, standardised 
measurement and well-defined, replicable, self-management interventions.   
 
Likewise, the findings of Study 3 suggest that self-management is feasible and has 
promise as an intervention to increase physical activity after mild stroke, but 
requires further investigation.  Specifically, the self-management program 
implemented in Study 3 is feasible for mild stroke survivors with minimal physical, 
cognitive or language impairment.  The participants in Study 3 had an average 
walking speed of 1.2 m/s, and Mini Mental State Examination and Frenchay 
Aphasia scores greater than 24.  As such, these people were able to engage in self-
management, both physically and cognitively.  Self-management may not be 
feasible in more severely affected stroke survivors.  The trial was also implemented 
in Canberra, which has the highest socioeconomic index for area score of any state 
or territory in Australia (Pink, 2013).  Socioeconomic factors may influence the 
feasibility of self-management, in terms of participants’ understanding, and 
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finances available to facilitate physical activity (such as gym memberships, 
swimming pool admission, use of self-monitoring devices e.g. fitbits).   
 
IMPLICATIONS FOR FUTURE RESEARCH  
While Study 1 provides strong evidence about the likelihood of non-ambulatory 
stroke survivors regaining independent walking, it did not examine the factors 
which may predict this likelihood.  Further research examining the predictive 
factors for regaining independent walking after stroke would further improve the 
effectiveness and efficiency with which clinicians can allocate resources.  There are 
many studies which examine factors which may predict outcome after stroke, 
including walking (Table 5.1), but two systematic reviews evaluating predictive 
factors related to walking after stroke concluded that there were insufficient high 
quality data to provide predictions (Kwakkel et al, 1996; Meijer et al, 2003).   
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Table 5.1 Summary of studies which examine predictive factors for outcome after 
stroke 
 
Study Factors found to predict outcome after stroke (including walking outcome) 
Baer and Smith, 2001 Stroke location 
Bagg et al, 2002 Functional Independence Measure 
Stroke type 
Dysphasia 
Cognition 
Ekstrand et al, 2008 Clinical Outcome Variables Scale 
Feigin et al, 1996 Sitting balance 
Paralysis 
Friedman, 1990 Age 
Leg strength 
Neglect 
Jorgensen et al, 1995 Leg paralysis 
Kuys et al, 2009 Motor Assessment Scale for Stroke 
Admission Walking Speed 
Paralysis 
Kwah et al, 2013 National Institutes of Health Stroke Scale  
Standing up item of the Motor Assessment Scale for Stroke 
Loewen and Anderson, 1990 Sitting balance 
Incontinence 
Macciochi et al, 1998 Age 
Location of stroke 
Previous stroke 
Initial neurological status 
Olsen, 1989 Paralysis 
Paolucci et al, 2008 Barthel Index 
Petrilli et al, 2002 Sensory loss 
Depression 
Incontinence 
Functional Independence Measure 
Neurological Scale Score 
Singh et al, 2006 Independent wheelchair propulsion 
Incontinence 
Sommerfeld and von Arbin, 
2001 
Rivermead Mobility Index  
Barthel Index 
Incontinence 
Thomessen et al, 1998 Age 
Incontinence 
Veerbeek et al, 2011 Leg strength 
Sitting balance 
Viosca et al, 2005 Leg paralysis 
Time until resumption of weight bearing 
Time until resumption of standing balance 
Wade et al, 1985 Age 
Sensory loss 
Incontinence 
 
More recent studies have demonstrated that the National Institutes of Health Stroke 
Scale (NIHSS), the standing up item of the MAS (Kwah et al, 2013) leg strength, 
and sitting balance (Veerbeek et al 2011) were predictive of regaining independent 
walking within 6 months of stroke, but these prediction models were not cross-
validated in independent samples of stroke survivors.  Therefore, further well-
powered, prospective, consecutive studies that are consistent in terms of 
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measurement time points and outcomes, and which are cross validated, are required 
to provide more certainty about factors that predict walking outcomes after stroke. 
 
Further research could also be useful in relation to e-learning for learning practical 
skills in physiotherapy, such as whether e-learning can be utilised as an alternative 
to face to face teaching.  While both Dolan et al (2015) and Weiner et al (2014) 
examined e-learning in health disciplines as an alternative to face to face teaching 
of practical skills, the first study had equivocal results, which may be due to the 
very small number of participants (n = 22), and the latter was not a randomised 
trial.  Specifically, utilising the Physiotherapy eSkills Training Online resource as 
an alternative to face to face teaching has the potential to provide a cost effective 
and time efficient strategy for streamlining the laborious tutorial system that is 
currently in place for teaching practical skills in physiotherapy curricula.  It would 
also enable a flexible learning option, which is advantageous both to universities 
and students. 
 
It would also be valuable to examine whether the benefits of e-learning extend to 
improved practical skills in the clinical context.  Currently there are no studies 
comparing the effect of e-learning for teaching practical skills on the performance 
of those skills in physiotherapy clinical practice, either as an adjunct or as an 
alternative to usual teaching.  Utilising clinical placement marks as an outcome 
measure in research regarding e-learning for practical skills in the clinical context, 
may be one way of examining this in the future.  
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Furthermore, while the results of Study 2 are not applicable to patients, it can be 
argued that just as students have to learn practical skills, stroke survivors have to 
learn motor skills to optimise their recovery.  This raises the question of whether an 
e-learning resource, which includes the core elements of the Physiotherapy eSkills 
Training Online resource (i.e. demonstration and simulation) is feasible for stroke 
survivors.  An online physiotherapy rehabilitation resource would provide an 
accessible, cost effective, resource efficient strategy for providing rehabilitation 
exercises to stroke survivors in their own homes, regardless of geographic location 
and other barriers (e.g. transport).  Research into the feasibility of this concept 
would be required, particularly given stroke survivors differ to university students, 
both in terms of familiarity with technology and capacity to practice with limited 
supervision. 
 
Study 3 suggested that self-management is a feasible and potentially effective 
intervention for increasing physical activity in stroke survivors, but a phase II 
randomised trial is required to establish the likely size of the effect, and to allow a 
power analysis to be completed to inform a Phase III trial, if indicated.  Several 
modifications of the recruitment and measurement protocols would be required to 
implement a Phase II trial.  Firstly, screening for current level of physical activity is 
required to ensure that participants who are in need of intervention, (i.e. those who 
are performing insufficient physical activity), are being recruited.  Secondly, 
another device for measuring physical activity, such as the Actigraph, should be 
considered as an alternative to the Body Media Sensewear armband due to its 
inconsistent functioning.  Thirdly a fasting blood test examining triglycerides, 
 107 
 
cholesterol and blood glucose, should be included to supplement the measures of 
cardiovascular risk. 
 
Moreover, while mild stroke is traditionally considered to have no sequelae, the 
stroke survivors in Study 3 reported an ongoing impact of stroke.  There are very 
few studies examining strategies for managing the effects of mild stroke (Dewan et 
al, 2014; Rochette et al, 2013).  Given 44% of stroke survivors in Australia are 
discharged directly home from acute units (National Stroke Foundation, 2013), and 
that perceived recovery after mild stroke has been positively correlated with 
amount of physical activity (Wolf et al, 2013), future investigation into strategies 
for managing the impairments associated with mild stroke would be valuable.   
 
IMPLICATIONS FOR CLINICAL PRACTICE 
Study 1 provides valuable prognostic information relevant to physiotherapists and 
other health professionals that can be used clinically to assist decision-making 
about allocation of rehabilitation resources, to contribute to early education of 
patients and carers and therefore guide goal setting, and to facilitate discharge 
planning.  In particular, the predictive equations derived from the data in Study 1 
allow clinicians to determine more specific estimates of the likelihood that non-
ambulatory stroke survivors will regain independent walking, depending on the 
time since stroke that a patient remains non-ambulatory, and the location of care 
(i.e. an acute or rehabilitation setting).  This more specific estimate can be used to 
assist clinicians to make decisions about resource allocation, including therapist 
time, therapy intensity and use of equipment (e.g. treadmills and gait harnesses).  
For instance, a patient who is still non-ambulatory 10 days after stroke in a 
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rehabilitation ward, will have a 90% chance of regaining independent walking by 3 
months post stroke, so access to high intensity therapy and appropriate equipment 
for regaining walking (i.e. a treadmill and harness) should be facilitated.  Whereas, 
a patient who is still non-ambulatory 30 days after stroke in a rehabilitation unit, 
only has a 20% chance of regaining independent walking by 3 months post stroke, 
so therapy time may also need to be allocated for the practice of wheelchair skills.  
The predictive equations can give patients and carers clearer expectations of 
recovery, allowing mobility goals to be targeted specifically to the individual 
patient.  Specific goal setting is associated with more effective rehabilitation 
(Levack et al, 2006).  This information can also be used to ensure early referral to 
the most appropriate members of the multidisciplinary team, and to directly inform 
discharge planning, thereby allowing for early planning of equipment, services, and 
residential placement, which is far more likely to be required if a stroke survivor 
remains non-ambulatory (Sommerfeld and von Arbin, 2001).  Overall, these 
predictive equations may contribute to a more efficient rehabilitation process. 
 
Study 1 provides implications for clinical practice, and Study 2 provides 
implications for educational practice.  The results of Study 2 suggest that e-learning 
should be considered as an adjunct to usual teaching in tertiary settings where 
learning practical skills is required, particularly in physiotherapy programs, given 
the extensive practical skills required in professional practice.  Development of e-
learning resources for learning practical skills should embed demonstrations of the 
practical skill, in the form of video, the value of which is likely to be enhanced by 
incorporating patient simulation, and by ensuring the practical skills are provided in 
a clinical context.  In Study 3, self-management demonstrated promise in increasing 
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physical activity, however; as a Phase I feasibility study, efficacy of this 
intervention was not established.  As such application to clinical practice should 
await the results of a Phase II randomised trial which could provide information 
about the possible size of the effect and its clinical relevance.   
 
LIMITATIONS OF THE STUDIES 
There were several limitations of the studies.  Study 1 had data that were unable to 
be extracted from 9 studies, thus reducing the power of the results.  Substantially 
more data were available for the meta-analyses of walking outcome at 3 months 
than at any other time point, and only 2 studies had data available for analysis at 12 
months after stroke, suggesting that the findings at 6 and 12 months in both settings 
are less robust than the findings at 3 months after stroke.  Study 2 had several 
limitations, the first of which was that it was a non-randomised trial because it was 
ethically and logistically difficult to restrict access to the Physiotherapy eSkills 
Training Online resource for some students and not others in the same cohort, so 
the control and experimental arms occurred at different times.  However, the blocks 
were run in consecutive years, and no changes to the usual teaching occurred.  
Secondly, there was no blinding of participants, teachers or assessors.  To minimise 
the consequences of lack of assessor blinding, the same standardised marking 
schema and assessors were used for the practical examination in each arm.  Thirdly, 
the number of participants in the study was small, leading to a lack of statistical 
power.  A fully powered study would need a total of 162 participants to detect a 
mean difference of 1.6 marks, with a standard deviation of 3.6, at a significance 
level of 0.05.  Fourthly, the frequency with which the experimental group accessed 
the Physiotherapy eSkills Training Online resource was not quantified.  Finally, the 
 110 
 
students were assessed within 2 weeks of the end of teaching, so the question of 
whether the online resource was also effective in improving performance of 
practical skills during clinical practice remains.  These factors suggest that the 
results should be interpreted with caution.  
 
The limitations of Study 3 include firstly, 54% of the participants were already 
completing more physical activity than recommended by the national guidelines, 
which suggests that the eligibility criteria were not effective in screening for 
participants who were in need of the intervention.  Secondly, there was a high rate 
of participant drop-out.  However, given this was a feasibility study, not a study of 
efficacy, this did not affect the validity of the findings, but will need to be taken 
into consideration when determining the sample size for the Phase II study.  
Thirdly, the study was set in a region with a very high socioeconomic area, so may 
not be feasible in a lower socioeconomic area.  Finally, the armband used to 
measure physical activity was too complicated for some participants, and 
malfunctioned on repeated occasions, so an alternative will be considered for the 
Phase II study.  
 
CONCLUSION 
The studies presented in this thesis utilised education of physiotherapists, 
physiotherapy students and stroke survivors to promote mobility after stroke, in 
particular walking and physical activity.  This thesis provides a valuable 
contribution to the body of research by determining the likelihood of non-
ambulatory stroke survivors regaining independent walking, that can then be 
modified by predictive equations correlated with the time since stroke that a patient 
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remains non-ambulatory within the first month.  It also provides evidence that e-
learning is effective for enhancing elements of practical skill performance related to 
rehabilitation of walking after stroke, when combined with usual teaching, and that 
self-management for people after mild stroke is feasible for increasing physical 
activity.  The latter concepts had not been previously studied and thus, this thesis 
provides important initial data from which future research can be guided.  Future 
research to clarify which factors predict walking outcomes after stroke, whether e-
learning can be used to enhance clinical practice in students, and perhaps even 
motor skill performance in stroke survivors, and whether self-management is 
effective in increasing physical activity after stroke would be valuable to optimise 
mobility outcome after stroke.  
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ETHICAL CONSIDERATIONS 
Ethical approval was obtained from the University of Canberra Committee for 
Ethics in Human Research for Study 2 (as this is my workplace and student 
participants were recruited from the University of Canberra).  Ethical approval was 
obtained from ACT Health, and ratified by the University of Sydney Human 
Research and Ethics Committee, the Macquarie University Human Research Ethics 
Committee (Medical Science), University of Canberra Committee for Ethics in 
Human Research, and Calvary Health Care Human Research Ethics Committee for 
Study 3.  
 
Informed consent  
The measurement and intervention procedures were explained to potential 
participants for Studies 2 and 3, who were also provided with a copy of the 
Participant Information Statement.  The right to withdraw at any time was 
explained to all participants.  Participants were provided with time to consider the 
information and seek clarification regarding the study.  Written informed consent 
was obtained from all participants prior to admission to each study. 
 
Information collected from participants  
Information was collected directly from the participants for both studies.  
Information was entered into a spreadsheet in a coded, de-identified format. All 
paper-based information was stored in a locked cupboard at the University of 
Canberra.  
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Risks and benefits to participants  
The participants in both studies were informed that there may not be a particular 
benefit as a result of participation, because there was no previously established 
efficacy. On completion of Study 2, physiotherapy students who had requested a 
copy of the published paper were provided with one. All participants in Study 3 
were provided with a summary of the results. There were no incentives or payments 
for participating in either study. 
 
Privacy, confidentiality and disclosure of information  
All information about participants in the studies remained confidential.  All paper 
based information was stored in a locked cupboard in a locked office at the 
University of Canberra. All information entered on computer was stored on a 
password protected computer in a locked office. On completion of data collection, 
all data was de-identified. 
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Study 2: Ethical approval from the University of Canberra 
 
 
 
 
 
 
 
27th May 2010 
 
COMMITTEE FOR ETHICS IN HUMAN RESEARCH 
 
APPROVED 
 
Project number:10-33 
 
Ms Elisabeth Preston 
Faculty of Health 
University of Canberra 
ACT 2617 
 
Dear Ms Preston, 
The Committee for Ethics in Human Research has considered your application to 
conduct research with human subjects for the project entitled Evaluation of the 
effectiveness of an online resource for improving physiotherapy students' practical 
skills. 
 
The Committee made the following evaluation: 
 
Approval is granted until 01/12/10 the anticipated completion date stated in the 
application. 
 
The following general conditions apply to your approval. These requirements are 
determined by University policy and the National Statement on Ethical Conduct in 
Research Involving Humans (National Health and Medical Research Council, 2007). 
 
1) You must immediately report to the Committee anything which might warrant 
review of ethical approval of your project, including: 
(a) serious or unexpected adverse effects on participants; 
(b) proposed changes in the protocol; and 
(c) unforeseen events that might affect continued ethical acceptability of the project. 
 
2) Monitoring: You, in conjunction with your supervisor, must assist the Committee to 
monitor the conduct of approved research by completing and promptly returning 
project review forms, which will be sent to you at the end of your project and, in the 
case of extended research, at least annually during the approval period. 
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3) Discontinuation of research: You, in conjunction with your supervisor, must 
inform the Committee, giving reasons, if the research is not conducted or is 
discontinued before the expected date of completion. 
 
4) Extension of approval: If your project will not be complete by the expiry date 
stated above, you must apply in writing for extension of approval. Application should 
be made before current approval expires; should specify a new completion date; should 
include reasons for your request. 
 
5) Retention and storage of data: University policy states that all research data must 
be stored securely, on University premises, for a minimum of five years. You and your 
supervisor must ensure that all records are transferred to the University when the 
project is complete. 
 
6) Changes in contact details: You should advise the Committee of any change of 
address during or soon after the approval period including, if appropriate, email 
address(es). 
 
Please add the Contact Complaints form (attached) for distribution with your project. 
 
 
Yours sincerely 
Michaela Dalgleish 
Secretary 
 
Cc: A/Prof Louise Ada 
 
 
 
 
 
 
 
 
 
Michaela Dalgleish 
Research Ethics Officer 
Research Services Office 
T (02) 6201 5870 
F (02) 6201 5466 
E Michaela.Dalgleish@canberra.edu.au 
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Study 2: Participant Information Statement 
Information Form 
Project Title 
 
Evaluation of the effectiveness of an online resource for improving 
physiotherapy students' practical skills 
 
Researchers 
 
The following researchers are involved in this study: 
• Ms Elisabeth Preston, Faculty of Health Sciences, University of Canberra 
• Dr Gordon Waddington, Faculty of Health Sciences, University of Canberra, 
Australia. 
• Dr Louise ADA, Faculty of Health Sciences, University of Sydney 
 
Project Aim 
 
This study is aiming to see if the combination of an online resource called ‘PESTo’ 
as well as usual teaching and learning strategies (lectures and tutorials), improves 
physiotherapy students’ performance when implementing practical skills relating to 
managing patients with neurological impairments, compared with usual teaching 
and learning practices of lectures and tutorials on their own. 
 
Benefits and risks of the Project 
 
The research has the potential to provide information regarding optimal strategies 
to use in teaching and learning practical skills in physiotherapy students.  This 
information should directly benefit the participants, as well as improving knowledge 
of good quality teaching practice in other practical professions. There are no risks 
associated with participating in this research project – participation will have no 
effect on student grades, or on access to “PESTo” or other teaching resources. 
Consent forms will be coded into student ID numbers by Dr Louise Ada, so that the 
researchers involved directly in assessing students at UC are unaware of the 
students who have and haven’t chosen to participate. 
  
General Outline of the Project 
 
The study aims to compare the participants’ practical exam results after one 
semester of usual teaching, with their practical exam results after a semester of 
usual teaching combined with the ‘PESto’ Website. The website includes video 
footage of practical skills required in the management of neurological patients, as 
well as written instruction and errors to avoid.  
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Participant Involvement 
 
You will be asked to sign a consent form for the use of your practical exam results 
for the Neurological Interventions 1 and Neurological Interventions 2 units. You will 
not be required to complete any extra study or assessment than is required of you 
to complete this unit of study. 
Data will be encoded so that you cannot be identified. Only the researchers will 
have access to the original data. Paper records will be stored under lock and key 
and electronic data will be stored on a password-protected computer. All data will 
be stored at the University of Canberra for five years when the project is complete 
and at the end of this period the data will be deleted or shredded. Your name will 
not be recorded in any publication of the results. 
 
Once the data have been processed, those participants who requested it will be 
contacted to give them an overview of results of the study. 
You have the right to withdraw from the project at any time. Participation or 
withdrawal from the study will not affect your academic progress in any respect. 
 
 
Queries and Concerns 
 
Please ask at any time if you have any questions about any aspect of the study.  
If you require any further information or have any concerns following your 
participation please contact: 
Elisabeth Preston     telephone 02 62015749 
Dr Louise Ada     telephone 02 9351 9544 
Dr Catherine Dean    telephone 02 9850 6620 
Dr Gordon Waddington,    telephone 02 6201 2737 
Any person with concerns or complaints about the conduct of a research study can 
contact the Secretary of the University of Canberra Research Committee 
Telephone (02) 6201 2466, University of Canberra, ACT 2601. 
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Study 2: Participant Consent Form 
 
 
Informed Consent Form 
Project Title 
 
Evaluation of the effectiveness of an online resource for improving 
physiotherapy students' practical skills 
Consent Statement 
I have read and understood the information about the research. I am not aware of 
any condition that would prevent my participation, and I agree to participate in this 
project.  I have had the opportunity to ask questions about my participation in the 
research. All questions I have asked have been answered to my satisfaction. 
 
I agree to participate in this research project:  Yes □  No □ 
 
Name…………………………………, Student ID……………………………… 
Signature……………………………………………..… 
Date …………………………………………… 
 
A summary of the research report can be forwarded to you when published. If you 
would like to receive a copy of the report, please include your mailing address 
below. 
 
Name……………………………………………… 
 
Address………………………………………………………… 
…………………………………………………….………………… 
……………………………………………………………………… 
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Study 3: Ethical approval from ACT Health 
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Study 3: Ethical approval from the University of Sydney 
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Study 3: Ethical approval from Macquarie University 
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Study 3: Ethical approval from the University of Canberra 
 
3 September 2013  
 
Ms Elisabeth Preston  
Faculty of Health  
University of Canberra  
Canberra ACT 2601 
 
APPROVED – ETHLR.13.063  
 
Dear Elisabeth,  
The Human Research Ethics Committee has considered your application to 
conduct research with human subjects for the project Promoting physical 
activity after stroke via self-management – a feasibility study.  
 
 
The Committee made the following evaluation: cross-institutional 
approval granted.  
The following general conditions apply to your approval.  
 
These requirements are determined by University policy 
and the National Statement on Ethical Conduct in 
Human Research (National Health and Medical Research 
Council, 2007). Monitoring:  
You must provide the Committee with a final 
report upon completion of the study.  
Discontinuation of research:  You must inform the Committee, giving 
reasons, if the research is not conducted or is 
discontinued.  
Extension of approval:  If your project will not be complete by the 
anticipated completion date, you must apply in 
writing for extension of approval. Application 
should be made before current approval 
expires; should specify a new completion date; 
should include reasons for your request.  
Contact details and notification of changes:  You should advise the Committee of any 
change of address during or soon after the 
approval period including, if appropriate, email 
address(es).  
 
 
Yours sincerely  
Human Research Ethics Committee 
 
 
 
 
Hendryk Flaegel  
Research Ethics & Compliance Officer  
Research Services Office  
T (02) 6201 5220 F (02) 6201 5466  
E hendryk.flaegel@canberra.edu.au  
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Study 3: Ethical approval from Calvary Health Care 
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Study 3: Participant Information Statement 
 
 
PARTICIPANT INFORMATION STATEMENT 
 
 “Promoting Physical Activity in Stroke survivors via Self-Management: A feasibility 
trial.” 
 
You are invited to participate in a research study looking at the effect of self-management 
for increasing physical activities in people after stroke. 
 
In our study, we are investigating whether self-management, and self-management support 
from a physiotherapist, can assist people after stroke in increasing physical activity levels 
over a three month period.  Self-management, in this case, is when patients make the 
decisions about their exercise program, with the assistance and support of a 
physiotherapist. The aim of the study is to improve knowledge of the effect of self-
management in increasing physical activity levels in people after stroke.  
 
We are asking for permission to allow one of the physiotherapy research team to assist 
and support you in developing and implementing an exercise program. The researchers 
will follow a protocol to give you information, support and assistance in increasing your 
physical activity levels.  There will be no change to your usual therapy as a result of 
participating in this research study.  
 
Prior to and following the three month self-management program, your physical activity 
levels and your ability to walk will be measured.  You will be asked some questions about 
your physical activity levels, as well as the self-management program.  These 
measurements will also be taken 6 months and 12 months after the start of the self-
management program. 
 
Participation in this study is entirely voluntary: you are not obliged to participate and – if 
you do participate – you can withdraw at any time without prejudice or penalty. 
 
All aspects of the study, including results, will be strictly confidential and only the 
researchers will have access to information on participants. A report of the study may be 
submitted for publication, but individual participants will not be identifiable in such a report. 
 
When you have read this information, Elisabeth Preston will discuss it with you further and 
answer any questions you may have. If you would like to know more at any stage, please 
feel free to contact: 
 
Ms Elisabeth Preston (02) 62015749 elisabeth.preston@canberra.edu.au 
 Dr. Louise Ada  (02) 9351 9544 louise.ada@sydney.edu.au 
 Dr. Catherine Dean (02) 9850 6620 catherine.dean@mq.edu.au 
 
Any person with concerns or complaints about the conduct of a research study can 
contact the ACT Health Human Research Ethics Committee Secretariat, Canberra 
Hospital, Yamba Drive, Garran ACT 2605 (ph: 6205 0846). 
 
This information sheet is for you to keep 
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Study 3: Participant consent form 
 
 
Patient Consent Form to Participate in a Research Project. 
 
I, _______________________________________ (name of participant) 
of _________________________________________________________ 
(address) 
have been asked to consent to my participation in a research project 
entitled: “Promoting Physical Activity After Stroke via Self Management:  A 
feasibility trial.”  
ETHLR.13.063 
In relation to this study I have read the Patient Information Sheet and have 
been informed of the following points: 
1. Approval has been given by the ACT Health Human Research Ethics 
Committee.  
2. The aim of the study is to improve knowledge of the effect of self-
management in increasing physical activity in stroke survivors.  
3. The results obtained from the study may or may not be of direct 
benefit to my medical management.      
4. The study procedure will involve development of a physical activity 
program in partnership with a physiotherapist over a three month 
period.  
5. The study also involves participating in measures prior to and following 
the 3 month study period. The measures would involve observation of 
my walking, and responses to participant surveys.  
6. There are no additional possible adverse effects or risks related to this 
study when compared with usual physiotherapy that I am receiving as 
a part of my rehabilitation following stroke.  
7. Should I have any problems or queries about the way in which the 
study was conducted, and I do not feel comfortable contacting the 
research staff, I am aware that I may contact the ACT Health Human 
Research Ethics Committee Secretariat, Canberra Hospital, Yamba 
Drive, Garran ACT 2605 (ph: 6205 0846).  
8. I can refuse to take part in this project or withdraw from it at any time 
without affecting my medical care or therapy.     
    
9. Participation in this project will not result in any extra medical or 
hospital costs to me. 
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10. I understand that while the results of the research will be made 
accessible my involvement and my identity will not be revealed. 
    
11. I have/have not participated in any other research study in the past 3 
months. Details are as follows: 
________________________________________________________ 
After considering all these points, I accept the invitation to participate in this 
study.   
 
Name: (please print) _________________________Date:______________ 
Witness: (please print) _______________________Date:______________ 
Signature (Participant) ________________________ 
Signature (Witness) __________________________ 
Signature (Investigator) _______________________ 
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APPENDIX B 
 
MEASUREMENT 
Measurement of practical skills: Study 2  
Measurement of participant perception: Study 2  
Measurement of feasibility: Study 3 
 Adverse events calendar 
 Participant perception survey 
Measurement of effect of self-management: Study 3 
 Procedures 
Modified impact on participation and autonomy questionnaire (IPAQ) 
 Modified EuroQuaL 5D 
 Self-efficacy for exercise 
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Study 2: Measurement of practical skills 
 
Outcome Unsatisfactory (0) Satisfactory (1)    
4. Be able to develop 
and implement a 
treatment plan for a less 
complex neurological 
deficit. 
Informed consent not obtained Informed consent obtained    
Student did not maintain hygiene 
prior to or during treatment  
Hygiene maintained  prior to and 
throughout treatment  
 
 
 
 
 
 
Very limited Standard  (0) Limited Standard  (1 mark) Satisfactory Standard (2 marks) High Standard (3 marks) Very High Standard (4 marks) 
Student does not explain treatment 
choice to the patient 
Student does not explain treatment 
choice clearly to patient 
Student gives clear  explanation of 
treatment choice to patient 
  
Intervention is not effective. 
Intervention and intensity are not 
appropriate for the given problem. 
Intervention is partially effective. Only 
intervention or intensity is appropriate 
for the given problem. 
Intervention is generally effective. 
The intervention and intensity are 
appropriate for the given problem. 
More appropriate techniques may be 
available.  
Intervention is effective. The 
intervention and intensity are 
appropriate for the given problem.   
Intervention is effective. The intervention and 
intensity are highly appropriate for the given 
problem.   
Student provides limited instruction 
and feedback to the patient. 
Student provides inconsistent instruction 
and feedback to the patient. 
Student provides adequate instruction 
and feedback to the patient. 
Student provides clear instruction and 
feedback to the patient. 
Student provides clear instruction and accurate, 
specific and timely feedback to the patient. the 
patient and checks for understanding. 
Student does not evaluate the 
intervention. 
Student undertakes a limited evaluation 
of the intervention. 
Student undertakes an appropriate 
evaluation of the intervention. 
  
 
Student is not able to describe an 
appropriate progression of the 
intervention. 
Student is able to describe a limited or 
inaccurate progression of the 
intervention  
Student is able to describe an 
adequate progression of the 
intervention.  
Student is able to describe a 
comprehensive progression of the 
intervention.  
Student is able to describe a comprehensive 
progression of the intervention. Demonstrates a 
broad knowledge of appropriate interventions 
Patient and/or therapist safety 
placed at risk during intervention. 
Student demonstrates lack of 
concern for patient safety. Student 
did not respond appropriately to 
prompting regarding patient safety. 
Patient and/or therapist safety 
compromised during the intervention. 
Student responded appropriately to 
prompting regarding patient safety. 
Patient and/or therapist safety assured 
during the intervention.  
Patient and/or therapist safety and 
comfort assured throughout the 
intervention. Student demonstrates 
awareness of patient safety throughout 
the intervention. 
 
Student is unable to provide 
scientific evidence to justify 
intervention used. 
Student is unable to provide scientific 
evidence to justify intervention used. An 
attempt is made that demonstrates a lack 
of understanding of scientific evidence. 
Student is able to justify intervention 
employed using scientific evidence. 
Student demonstrates a basic 
understanding of scientific evidence. 
Student is able to justify intervention 
employed using scientific evidence. 
Student demonstrates a good 
understanding of scientific evidence. 
Student is able to justify intervention employed 
using scientific evidence. Student demonstrates 
a comprehensive understanding of scientific 
evidence. 
Total ___/25 
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Study 2: Participant perception survey 
 
RATING SCALE FOR STUDENTS’ PERCEPTION OF THE 
PHYSIOTEHRAPY ESKILLS TRAINING ONLINE RESOURCE 
 
Completing this questionnaire will help us improve the teaching and learning 
experiences of students. Your responses are anonymous.  Please complete the 
questionnaire independently i.e. without consultation with other students. 
 
For each question please indicate your level of agreement or disagreement with each 
statement by drawing vertical mark on the visual analogue scale. 
 
1. The PESTO website improved my practical skills 
______________________________________________ 
 
Strongly disagree      Strongly agree 
 
2. The PESTO website helped me in my exam preparation 
______________________________________________ 
 
Strongly disagree      Strongly agree 
 
3. The PESTO website has helped or will help me on clinical 
______________________________________________ 
 
Strongly disagree      Strongly agree 
 
4. I will use the PESTO website as a new graduate 
 
______________________________________________ 
 
Strongly disagree      Strongly agree 
 
Do you have any other comments about the PESTO website? 
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
______________________________________ 
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Study 3: Adverse events calendar 
 
Name________________ 
 
PPASS Feasibility Trial 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Use the codes below to indicate on the calendar whether you experience any of the 
following: 
a=fatigue; b=muscle soreness; c=non-injurious falls; d=injurious falls e=death; f = 
hospitalisation 
 
  
 April 2014  
Sunday Monday Tuesday Wednesday Thursday Friday Saturday 
    1 2 3 4 5 
6 7 8 9 10 11 12 
13 14 15 16 17 18 19 
20 21 22 23 24 25 26 
27 28 29 30       
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Study 3: Measurement of participant perception 
 
PARTICIPANT SURVEY 
 
“Promoting physical activity after stroke via self-management: A feasibility 
trial” 
 
Please rate the following statements by ticking the box under the statement that most 
accurately reflects your opinion about that statement. 
 
1. “I was able to participate in this program of self-management” 
 
Strongly agree Agree Neutral Disagree Strongly disagree 
     
 
2. “The support provided in this program was helpful in increasing my physical activity 
levels” 
 
Strongly agree Agree Neutral Disagree Strongly disagree 
     
 
3. “I would recommend the support provided in this program, to others who have had a mild 
stroke” 
 
Strongly agree Agree Neutral Disagree Strongly disagree 
     
 
4. “The program helped build my confidence and skills in overcoming barriers to physical 
activity” 
 
Strongly agree Agree Neutral Disagree Strongly disagree 
     
 
5. “I am confident I have the skills to maintain my increased physical activity” 
 
Strongly agree Agree Neutral Disagree Strongly disagree 
     
 
6. “I am confident I have skills to overcome any future barriers to increase my activity 
levels” 
 
Strongly agree Agree Neutral Disagree Strongly disagree 
     
 
Do you have any other comments on the self-management program? 
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________ 
 
Thank you for participating in this research study, and for taking the time to complete this 
survey. 
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Study 3: Measurement procedures 
 
 
 
 
PPASS trial: Feasibility 
Procedure for measurement 
 
Measures to occur on Day 0, 3 months, 6 months  
 
General Health  
 
1. Weight 
Equipment Procedure 
Scales 
Measurement folder 
Weigh participant in a T-shirt, pants and bare feet.  
Document weight. 
 
2. BP 
Equipment Procedure 
BP monitor 
Measurement folder 
Position cuff around left upper arm, with arrow pointing at the brachial artery 
Press start 
Document BP 
Repeat once 
 
3. Waist circumference 
Equipment Procedure 
Cloth tape measure 
Measurement folder 
Measure around the smallest part of the participant’s waist while standing in a 
relaxed position. 
Document circumference. 
 
Walking Ability 
 
1. 10m-Walk Test 
Equipment Procedure 
Stop watch 
Trundle wheel 
Tape for marking distance 
Straw broom 
Measurement folder 
Participant walks 14m without assistance or assistive devices. 
The test can be performed inside or outside, as long as it is flat.  Document 
where the test was performed. 
Tape is placed on the ground to mark 0m, 2m, 12m and 14m. 
Start timing when the toes of the leading foot cross the 2m mark.  
Stop timing when the toes of the leading foot cross the 12m mark. 
Count the number of steps the participant takes between the 2m and 12m 
marks. 
Allow the participant one practice attempt. 
The first test should be performed at confortable walking speed. 
The second test should be performed at fastest speed possible. 
Documentation should include number of steps and time taken. 
 
2. 6-min Walk Test  
Equipment Procedure 
Stop watch 
Lap counter 
Two small cones to mark the 
turnaround points 
A chair that can be easily 
moved along the walking course 
Trundle wheel 
Measurement folder 
Participant walks as far as possible in 6 minutes along a flat 20m track (or 
nearest equivalent). 
If there is no flat ground at the participant’s house, go to the nearest shopping 
centre or car park.   
Document where the test was performed. 
Instruct the participant as follows: “Cover as much ground as possible in 6 
minutes.  Walk continuously if possible, but you may slow down or stop if 
necessary. The aim is to feel as though you can’t walk any further after the 6 
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minutes”. 
Demonstrate by walking one lap yourself. Walk and pivot around a cone 
briskly. 
Set the lap counter to 0, and click every time the patient walks around a cone. 
Start the stop watch when the patient starts walking. 
Advise the patient of the time at 3 minutes and 5 minutes. Provide 
encouragement at these times. 
Multiply laps x 20 (or lap distance), then add remaining part lap. 
Record distance in meters. 
Record rests and/or use of aids in comments. 
 
Questionnaires 
 
1. Impact on participation and autonomy questionnaire (IPAQ) (Cardol et al., 1999)   
Equipment Procedure 
Copy of questionnaire 
Pen 
Measurement folder 
Give the participant the questionnaire to complete and ask him/her to tick the 
box against the most appropriate statement. 
Wait while the participant completes the questionnaire. 
File the completed questionnaire in the measurement folder. 
 
2. EuroQual-5D (EQ-5D) (Kind et al., 2005)  
Equipment Procedure 
Copy of questionnaire 
Pen 
Measurement folder 
Give the participant the questionnaire to complete and ask him/her to mark a 
line at whichever point on the scale indicates his/her health status today. 
Wait while the participant completes the questionnaire. 
File the completed questionnaire in the measurement folder. 
 
3. Self-efficacy for exercise  (Resnick and Jenkins, 2000) 
Equipment Procedure 
Copy of questionnaire 
Pen 
Measurement folder 
Complete the SEE by interviewing the participant. 
Ask the participant to rate his/her response against each criteria. 
File the completed questionnaire in the measurement folder. 
 
4. Physical Activity 
 
Equipment Procedure 
Bodymedia sensewear armband Instruct the participant that the armband should be warn all waking hours every 
day for 2 weeks. 
Wear the Armband on the back of the upper intact arm (the tricep).  
The Armband logo must face upward towards the shoulder and the silver 
sensors on the underside of the Armband will be in contact with the skin. 
Ensure the intact arm is clean, dry, and free of lotion or oil then slide the 
Armband onto the left arm. 
Adjust the strap so that it fits comfortably, and then secure the velcro pull-tab.  
Ensure that the sensors on the underside of the Armband maintain continuous 
contact with the skin and that the Armband does not slide off the arm. 
Do not secure the strap too tightly. You should be able to place two fingers 
beneath the strap. Once the strap is adjusted to a comfortable fit, there is no 
need to readjust the Velcro tab. Simply slide the Armband on and off the arm 
by stretching the strap. 
Ensure the Armband is charged (it will turn on automatically). 
Leave the instruction sheet, and the charger for the participant. 
 
 
  
 152 
 
Study 3: Modified Impact on participation and autonomy questionnaire (IPAQ) 
 
 
Name:  ______________________  Date:  _________________ 
PPASS trial: Feasibility 
THE IPA: Impact on participation and autonomy  
A questionnaire about choice and participation in everyday life  
 
Please read the information and then answer by ticking the box. 
Impact on Participation and Autonomy (IPA)  Score: for  
Mobility: getting around where and when you want (with or without aids or 
assistance)  
First we would like to ask some questions about your mobility: your chances of 
getting around where and when you want. We are interested in whether you 
can decide yourself where and when you want to go somewhere.  
office use 
only  
a. My chances of getting around in my house where I want to are  
Very Good  □  0  
Good  □  1  
Fair  □  2  
Poor  □  3  
Very Poor  □  4  
 
b. My chances of getting around in my house when I want to are  
Very Good  □  0  
Good  □  1  
Fair  □  2  
Poor  □  3  
Very Poor  □  4  
c. My chances of visiting relatives and friends when I want to are  
Very Good  □  0  
Good  □  1  
Fair  □  2  
Poor  □  3  
Very Poor  □  4  
d. My chances of going on the sort of trips and holidays I want to are  
Very Good  □  0  
Good  □  1  
Fair  □  2  
Poor  □  3  
Very Poor  □  4  
1e. If your health or your disability affect your chances of getting around where and when 
you want, to what extent does this cause you problems?  
No problems  □  0  
Minor problems  □  1  
Major problems  □  2  
TOTAL MOBILITY:                                                                                             __/18 
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Activities in and around the house (with or without aids or assistance)  
The next questions are about the tasks and responsibilities you have at home, 
and the way your health or disability influences these. We would like to know 
whether you can decide when and how something is done, even if you don’t do 
it yourself.  
a. My chances of contributing to looking after my home the way I want to are  
Very Good  □  0  
Good  □  1  
Fair  □  2  
Poor  □  3  
Very Poor  □  4  
b. My chances of getting light tasks done around the house (e.g. making tea or 
coffee), either by myself or by others, the way I want them done are  
Very Good  □  0  
Good  □  1  
Fair  □  2  
Poor  □  3  
Very Poor  □  4  
c. My chances of getting heavy tasks done around the house (e.g. cleaning), 
either by myself or by others, the way I want them done are  
Very Good  □  0  
Good  □  1  
Fair  □  2  
Poor  □  3  
Very Poor  □  4  
d. My chances of getting housework done, either by myself or by others, when 
I want them done are  
Very Good  □  0  
Good  □  1  
Fair  □  2  
Poor  □  3  
Very Poor  □  4  
e. My chances of getting minor repairs and maintenance work done in my house and 
garden, either by myself or by others, the way I want them done are  
 
Very Good  □  0
Good  □  1
Fair  □  2
Poor  □  3
Very Poor  □  4
f. My chances of fulfilling my role at home as I would like are  
Very Good  □  0
Good  □  1
Fair  □  2
Poor  □  3
Very Poor  □  4
g. If your health or your disability affect your activities in and around your home, 
to what extent does this cause you problems?  
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No problems  □  0  
Minor problems  □  1  
Major problems  □  2  
Leisure (with or without aids or assistance)  
The next questions are about whether you can decide how you use your leisure 
time.  
a. My chances of using leisure time the way I want to are  
Very Good  □  
Good  □  
Fair  □  
Poor  □  
Very Poor  □  
b. If your health or your disability affect how you use your leisure time, to what 
extent does this cause you problems?  
No problems  □  0  
Minor problems  □  1  
Major problems  □  2  
TOTAL LEISURE                                                                                                             
 
/6
Concluding IPA questions  
In this questionnaire you have answered questions that deal with the effect of 
your health or disability on your personal and social life. Considering all things, 
could you say whether, in general, you have sufficient control over your own 
life?  
a. My chances of living life the way I want to are  
Very Good  □   0  
Good  □   1  
Fair  □   2  
Poor  □   3  
Very Poor  □   4  
TOTAL CONCLUDING                                                                                                /4 
 
 
TOTAL IPAQ                                                                                                          ___/54 
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Study 3: Modified EuroQOL 5D 
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Study 3: Self-efficacy for exercise scale 
 
Name:  __________________________________    Date:  _________________ 
 
PPASS Trial: Feasibility 
Self-Efficacy for Exercise 
 
How confident are you right now that you could exercise 3 times a week for 20 minutes if: 
 
 Not confident 
 
 Very confident 
1.  the weather was bothering you 
 
 0    1    2    3    4    5    6    7    8    9    10  
2.  you were bored by the program or activity 
 
 0    1    2    3    4    5    6    7    8    9    10  
3.  you felt pain when exercising 
 
 0    1    2    3    4    5    6    7    8    9    10  
4.  you had to exercise alone 
 
 0    1    2    3    4    5    6    7    8    9    10  
5.  you did not enjoy it 
 
 0    1    2    3    4    5    6    7    8    9    10  
6.  you were too busy with other activities 
 
 0    1    2    3    4    5    6    7    8    9    10  
7.  you felt tired 
 
 0    1    2    3    4    5    6    7    8    9    10  
8.  you felt stressed 
 
 0    1    2    3    4    5    6    7    8    9    10  
9.  you felt depressed 
 
 0    1    2    3    4    5    6    7    8    9    10  
 157 
 
APPENDIX C 
EXPERIMENTAL PROCEDURES 
Search Strategy: Study 1 
Experimental procedure: Study 3 
  Intervention protocol 
  Physical activity preferences questionnaire 
  Goal setting and barrier identification sheet 
  Physical activity schedule 
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SEARCH STRATEGY FOR STUDY 1 
 
Databases: MEDLINE, EMBASE and CINAHL  
 
1. (stroke).mp 
2. (Cerebrovascular Disorder or stroke* or cerebrovascular or cerebral vascular or 
cva*).mp 
3. (cerebr* or cerebellar or brain* or vertebrobasilar or subarachnoid or intracran* 
or intracerebra*).mp. 
4. (infarct* or ischemi* or ischaemi* or thrombo* or emboli* or apoplex* or 
haemor* or hemor* or hematom* or haemotom* or bleed* or occlus*).mp. 
5. 3 and 4 
6. hemiplegia/ or exp paraparesis/ 
7. (hemipleg* or hemipar* or paresis or paretic).mp. 
8. or/1-2,5-7 
9. (walking or walk* or gait* or ambulat* or mobil* or locomot* or balanc*) .mp. 
10. (stride or recovery of function or walking or gait or locomotion or exercise 
movement techniques or exp gait disorders or neurologic).mp. 
11. (overground or over ground or surface or floor).mp 
12. or/9-11 
13. (prognosis or prognostic or risk or prognosis).mp. 
14. (predict* or functional outcome* or outcome assessment* or treatment 
outcome* or follow-up).mp. 
15. or/13-14 
16. and/8,12,15 
 
Database: Web of Science Search 
1. (stroke OR CVA OR cerebrovascular accident) AND 
2. (walking OR locomotion OR ambulation OR mobility OR gait OR stride OR 
overground) AND 
3. (prognosis OR prognostic) 
Database: Scopus  
1. (stroke OR CVA OR cerebrovascular accident) AND  
2. (walking OR locomotion OR ambulation OR mobility OR gait OR stride OR 
overground) AND  
3. (prognosis OR prognostic) 
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Study 3: Intervention protocol 
 
 
 
 
 
PPASS Trial: Feasibility 
Procedure for intervention 
 
Medical clearance to exercise (on day of recruitment):  
 
Resources Procedure 
Recruitment folder 
Medical Clearance form 
Pen 
Identify patient’s neurologist  
Contact the neurologist pre-discharge and provide 
him/her with information about the intended exercise 
program, and get medical clearance signed. 
 
Appointment 2 – Intervention Session 1: 
Education about the importance of exercise with partner/carer present: 
 
Resources Procedure 
Intervention folder 
Pen 
National physical activity 
guidelines brochures 
Exercise preferences 
questionnaire 
PPASS goal sheet 
Exercise schedule 
Discuss National physical activity guidelines and provide 
patient and copy 
Discuss patient’s understanding of exercise and current 
level of physical activity 
Discuss why the patient should increase their physical 
activity 
Discuss information available at the National Stroke 
Foundation.  
 
Negotiate an exercise plan  
Administer exercise preference questionnaire – discuss 
Develop some exercise ideas on the goal sheet 
Generate list of barriers and ideas for overcoming barriers 
Leave participant with exercise schedule to complete as 
homework 
 
Make an appointment for one week’s time to meet patient 
and carer/s 
 
Appointment 3 – Intervention Session 2 (Day 14): 
Problem solution, support and encouragement to take up exercise – 
implementation, with partner/carer present 
 
Resources Procedure 
Intervention folder 
Pen 
Collect armband 
Review strategies for overcoming barriers 
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Self-monitoring handout Finalise weekly schedule of exercise (i.e. what, when and 
where of exercise plan) 
Implement the first session of physical activity with the 
patient 
Recruit buddies, family or friends to continue attending 
session of physical activity as appropriate.     
 
Monitoring and support of behaviour change:  
Discuss strategies for monitoring daily physical activity 
levels  
Document the patient’s preference for monitoring  
Organise a review appointment after two weeks of 
exercise 
 
Appointment 4 – Intervention Session 3: 
Review 
 
Resources Procedure 
Intervention folder 
Pen 
Printout of armband data 
Provide participant with feedback regarding the data on 
the armband,  
Reconsider goals 
Review participant’s self-monitoring strategies 
 
Appointment 5 – Intervention Session 4: 
Review: 
 
Resources Procedure 
Intervention folder 
Pen 
Reconsider goals: 
Review participant’s self-monitoring 
strategies/recording 
Provide motivation: 
Self-perception 
Relapse prompting – e.g. use buddies 
Praise 
 
Organise post-measurement appointment 
 
Appointment 7 – Intervention Session 5: 
Review: 
 
Resources Procedure 
Intervention folder 
Pen 
Provide participant with feedback on 
measures 
Reconsider goals: 
Review participant’s self-monitoring 
strategies/recording 
Provide motivation: 
Self-perception 
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Relapse prompting – e.g. use buddies 
Praise 
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Study 3: Physical activity preference questionnaire 
 
 
 
 
 
 
PPASS Trial: Feasibility 
Guiding questions for developing physical activity schedule 
Factor 1 “group” 
I like to exercise alone 
I like to exercise with family or friends 
I like to exercise with other people of similar age 
I like to exercise in a community group 
I like to exercise with other people who have had a stroke 
 
Factor 2 “structure” 
I like to do the same activity each time I exercise 
I like my exercise sessions to be planned (e.g., water aerobics class) 
I like to have written instructions for my exercises 
I like to make exercise part of my daily activities (e.g., walk to shops) 
The exercise I like to do most is 
Other exercise I like to do is 
 
Factor 3 “independence” 
I like someone showing me what to do when I exercise 
I like someone else to organise my exercise sessions 
I like the flexibility of organising my own exercise sessions 
 
Factor 4 “location” 
I like to exercise at a gym 
I like to exercise at a community fitness centre 
I like to exercise at a rehabilitation centre 
I like to exercise at home 
I like to exercise outdoors 
 
Factor 5 “exertion” 
I like to feel tired after an exercise session 
I like to do gentle exercise 
I like to work hard in an exercise session 
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Study 3: Goal setting and barrier identification sheet 
 
 
Name: __________________________     Date:_________________ 
PPASS Trial: Feasibility 
Goal Setting 
 
 Ideas to increase physical activity… Barriers that may exists…: Ideas to overcome these barriers… 
 
Your goal is to do 30 
minutes of physical 
activity most days of 
the week 
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Study 3: Physical activity schedule 
 
 PPASS Feasibility Trial           Name:______________  Date:____________ 
 
Schedule for physical activity 
 Monday Tuesday Wednesday Thursday Friday Saturday Sunday 
Morning 
 
 
 
 
 
 
       
Afternoon 
 
 
 
 
 
 
   
 
 
 
    
Evening 
 
 
 
 
 
 
       
 
 165 
 
 
APPENDIX D 
INDIVIDUAL PARTICIPANT DATA 
Data: Study 2 and Study 3 
Individual data of physiotherapy students for practical examination 
scores: Study 2 
 
Individual data for feasibility of measurement, and intervention: 
Study 3 
 
Individual data of stroke survivors for personal characteristics and 
measures of effectiveness (physical activity, cardiovascular risk, 
walking ability, participation, quality of life and self-efficacy for 
exercise): Study 3 
 
 166 
 
Study 2: Individual data of physiotherapy students for practical examination scores  
 
Student 
Informed consent 
(out of 1) 
Hygiene 
(out of 1) 
Explanation of 
the practical 
skill (out of 2) 
Effectiveness of 
the practical skill 
(out of 4) 
Specificity of 
instructions and 
feedback (out of 4) 
Evaluation of the 
effectiveness of the 
practical skill (out of 2) 
Progression of 
the practical 
skill (out of 4) 
Safety (out 
of 3)  
Rationale for 
the practical 
skill (out of 4) Total 
A1 1 1 2 2 3 2 4 3 3 21 
A2 1 1 2 1 1 1 2 3 1 13 
A3 1 1 1 3 4 2 4 3 2 21 
A4 1 1 1 2 3 2 2 3 2 17 
A5 1 1 2 3 3 2 3 2 2 19 
A6 1 1 2 4 3 2 4 3 3 23 
A7 1 1 2 4 4 2 4 3 3 24 
A8 1 1 2 3 4 2 4 3 3 23 
A9 1 1 2 4 3 2 4 3 1 21 
A10 1 1 1 2 3 0 2 0 3 13 
A11 1 1 2 3 2 2 3 1 2 17 
A12 0 1 1 2 2 2 2 3 4 17 
A13 1 1 2 4 4 2 4 3 4 25 
A14 1 1 2 3 2 2 3 3 3 20 
A15 1 1 2 2 2 2 3 1 4 18 
A16 1 1 2 2 2 2 3 3 2 18 
A17 1 1 2 1 1 2 4 3 1 16 
A18 0 1 0 4 3 2 4 2 1 17 
A19 1 1 1 3 3 2 3 2 1 17 
A20 1 1 2 2 4 0 2 3 1 16 
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Student 
Informed 
consent (out of 
1) 
Hygiene 
(out of 1) 
Explanation of 
the practical 
skill (out of 2) 
Effectiveness of 
the practical skill 
(out of 4) 
Specificity of 
instructions and 
feedback (out of 4) 
Evaluation of the 
effectiveness of the 
practical skill (out of 2) 
Progression of 
the practical 
skill (out of 4) 
Safety (out 
of 3)  
Rationale for 
the practical 
skill (out of 4) Total 
B1 1 1 1 3 3 2 3 2 2 18 
B2 1 1 2 3 2 2 3 2 3 19 
B3 1 1 2 3 3 2 3 2 3 20 
B4 1 1 2 3 3 2 3 2 2 19 
B5 1 1 2 1 4 2 2 3 2 18 
B6 1 1 1 3 1 2 4 3 2 18 
B7 0 1 1 1 2 1 3 3 1 13 
B8 1 1 2 4 3 2 3 3 3 22 
B9 0 1 2 3 3 2 3 3 4 21 
B10 1 1 2 4 4 2 4 3 4 25 
B11 1 1 2 3 3 1 4 3 3 21 
B12 1 1 2 3 4 2 4 2 4 23 
B13 1 1 2 3 3 2 3 3 2 20 
B14 1 1 2 3 3 2 2 1 3 18 
B15 0 1 2 3 4 2 3 1 3 19 
B16 1 1 2 3 3 2 2 1 3 18 
B17 1 1 2 4 4 2 4 2 3 23 
B18 1 1 1 3 4 2 3 3 4 22 
B19 1 1 2 2 4 2 3 1 3 19 
B20 1 1 2 3 2 2 3 3 2 19 
B21 1 1 2 1 2 2 3 3 2 17 
B22 1 1 1 2 2 2 2 2 1 14 
B23 0 1 2 4 3 2 4 3 3 22 
B24 1 1 2 2 3 2 3 3 3 20 
B25 1 1 1 3 1 2 3 2 3 17 
B26 1 1 2 4 3 2 4 3 3 23 
B27 0 1 1 3 2 2 3 2 2 16 
B28 1 1 2 3 3 2 3 3 3 21 
B29 1 1 2 4 3 2 4 3 3 23 
B30 1 1 2 3 3 2 4 3 2 21 
B31 1 1 2 3 3 2 3 2 2 19 
 168 
 
 
Study 3: Individual data of participants for measures of feasibility   
Participant Feasibility of Measurement 
M1 Time 
(mins) 
M2 Time 
(mins) M3 Time (mins)  
M1 travel 
time (mins) - 
round trip 
M2 travel 
time (mins) - 
round trip 
M3 travel 
time (mins - 
round trip) 
M1 Travel 
distance (km) 
- round trip 
M2 Travel 
distance (km) 
- round trip 
M3 Travel 
distance (km) 
- round trip 
PPASS 1 45 40 55 53 51 51 
PPASS 2 65 70 70 55 54 55 50 50 43 
PPASS 3 35 60 45 55 56 55 50 50 43 
PPASS 4 45 45 45 24 25 36 15 15 26 
PPASS 5 60 60 60 48 23 23 34 34 34 
PPASS 6 65 55 40 44 42 45 34 34 34 
PPASS 7 45 60 42 12 38 8 
PPASS 8 45 40 35 46 47 45 42 42 42 
PPASS 9 60 50 35 58 56 57 53 53 53 
PPASS 10 45 45 40 24 22 20 16 16 16 
PPASS 11 50 45 45 55 55 55 52 52 52 
PPASS 12 50 45 45 34 35 37 26 26 26 
PPASS 13 55 45 40 30 26 32 22 20 22 
PPASS 14 50 45 30 55 56 54 50 50 50 
PPASS 15 60 32 28 
PPASS 16 60 44 40 
PPASS 17 60 46 40 
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Participant Feasibility of Intervention 
 A2 time (min) 
A2 travel 
distance (km) A3 time (min) 
A3 travel 
distance (km) A4 time (mins) 
A4 travel distance 
(km) 
A5 time 
(min) 
A5 travel 
distance (km) A6 time (min) 
A6 travel 
distance (km) 
PPASS 1 60 51 35 51 35 51 40 51 N/A N/A 
PPASS 2 65 51 40 51 40 51 35 51 45 51 
PPASS 3 50 51 35 51 30 51 25 51 20 51 
PPASS 4 50 15 50 15 25 15 45 15 30 15 
PPASS 5 45 33 30 33 35 33 35 33 20 
PPASS 6 55 40 40 40 45 40 50 40 60 40 
PPASS 7 40 34 30 34 30 34 30 34 60 34 
PPASS 8 20 58 20 58 20 58 20 58 20 58 
PPASS 9 60 60 45 60 60 60 50 60 65 60 
PPASS 10 45 32 45 32 45 32 45 32 50 32 
PPASS 11 45 51 30 51 
PPASS 12 65 8 45 8 45 8 35 8 35 8 
PPASS 13 45 8 50 8 40 8 35 8 40 8 
PPASS 14 75 20 60 20 35 20 35 20 40 20 
PPASS 15 
PPASS 16 45 30 
PPASS 17 
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Participant Adverse events Perception of the self-management program 
 
Muscle 
soreness Fatigue 
Falls – non-
injurious 
Falls - 
injurious Hospitalisation Death 
I could participate 
in the program 
It was 
helpful 
I would 
recommend 
it 
It helped 
build my 
confidence 
I can maintain 
physical 
activity 
I can overcome 
barriers in the 
future 
PPASS 1 0 0 0 0 1 0 
PPASS 2 0 0 0 0 0 0 5 5 4 5 4 3 
PPASS 3 0 0 0 0 0 0 5 5 5 4 5 4 
PPASS 4 1 0 0 0 0 0 
PPASS 5 0 0 0 0 0 0 5 5 5 5 5 5 
PPASS 6 0 0 0 0 0 0 4 4 4 4 4 4 
PPASS 7 25 0 0 0 1 0 5 4 5 4 4 4 
PPASS 8 0 0 0 0 0 0 
PPASS 9 0 0 0 0 0 0 5 5 5 5 5 5 
PPASS 10 33 0 0 0 0 0 
PPASS 11 0 0 0 0 0 0 4 5 4 4 4 4 
PPASS 12 0 0 0 1 1 0 
PPASS 13 0 0 0 0 0 0 4 4 5 4 4 4 
PPASS 14 0 0 0 0 1 0 
PPASS 15 
PPASS 16 1 
PPASS 17              
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Study 3: Individual data of participants for measures of effectiveness 
 
Participant Consent 
Medical 
Clearance Gender Demographics           
Age (years) 
Date of 
stroke 
Date of 
discharge Date of M1 Date of M2 Date of M3 
PPASS 1 √ √ M 65 21/10/2013 23/10/2013 31/10/2013 14/02/2014 
PPASS 2 √ √ M 57 6/11/2013 13/11/2013 14/11/2013 28/02/2014 20/06/2014 
PPASS 3 √ √ M 65 10/11/2013 12/11/2013 21/11/2013 3/03/2014 27/06/2014 
PPASS 4 √ √ F 70 13/11/2013 16/11/2013 21/11/2013 4/03/2014 16/06/2014 
PPASS 5 √ √ M 79 25/11/2013 5/12/2013 12/12/2013 10/04/2014 10/07/2014 
PPASS 6 √ √ M 73 3/12/2013 9/12/2013 23/12/2013 10/04/2014 14/07/2014 
PPASS 7 V V M 80 1/02/2014 8/02/2014 20/02/2014 30/05/2014 
PPASS 8 √ √ M 76 30/01/2014 31/01/2014 7/02/2014 28/05/2014 25/08/2014 
PPASS 9 √ √ M 64 27/02/2014 3/03/2014 17/03/2014 14/07/2014 14/10/2014 
PPASS 10 √ √ M 72 14/03/2014 17/03/2014 20/03/2014 4/07/2014 28/10/2014 
PPASS 11 √ √ M 42 17/07/2014 22/07/2014 14/08/2014 20/03/2015 
PPASS 12 √ √ M 80 24/07/2014 30/07/2014 13/08/2014 18/12/2014 20/04/2015 
PPASS 13 √ √ F 80 16/10/2014 21/10/2014 29/10/2014 20/02/2015 26/05/2015 
PPASS 14 √ √ M 42 27/11/2014 10/12/2014 12/12/2014 11/04/2015 25/05/2015 
PPASS 15 √ √ F 81 15/10/2014 24/10/2014 12/11/2014 
PPASS 16 √ √ F 57 18/09/2014 22/09/2014 15/10/2014 
PPASS 17 √ √ F 72 1/08/2014 4/08/2014 20/08/2014     
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Participant Date of intervention 1 Date of intervention 2 Date of intervention 3 Date of intervention 4 Date of intervention 5 
Side of 
hemiplegia 
PPASS 1 7/11/2013 11/11/2013 2/12/2013 5/01/2014 14/02/2015 L 
PPASS 2 22/11/2013 29/11/2014 13/12/2014 31/01/2014 21/02/2014 L 
PPASS 3 29/11/2013 5/12/2013 23/12/2013 31/01/2014 11/03/2014 L 
PPASS 4 2/12/2013 9/12/2013 20/12/2013 23/01/2014 13/03/2014 R 
PPASS 5 23/12/2013 13/01/2014 31/01/2014 13/03/2014 1/05/2014 R 
PPASS 6 23/12/2013 13/01/2014 31/01/2014 27/02/2014 1/05/2014 R 
PPASS 7 28/02/2014 7/03/2014 21/03/2014 17/04/2014 12/06/2014 R 
PPASS 8 20/02/2014 27/02/2014 13/03/2014 10/04/2014 29/06/2014 L 
PPASS 9 25/03/2014 31/03/2014 6/05/2014 12/06/2014 17/07/2014 R 
PPASS 10 28/03/2014 4/04/2014 17/04/2014 16/05/2014 5/08/2014 R 
PPASS 11 26/08/2014 3/09/2014 16/09/2014 R 
PPASS 12 25/08/2014 1/09/2014 24/10/2014 28/11/2014 5/01/2015 R 
PPASS 13 7/11/2014 14/11/2014 28/11/2014 30/01/2015 2/03/2015 R 
PPASS 14 2/01/2015 16/01/2015 5/02/2015 26/02/2015 R 
PPASS 15  R 
PPASS 16 24/11/2014 R 
PPASS 17  R 
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Participant Cardiovascular risk 
  
Height 
(cm) BMI 
M1 Weight 
(kg) 
M2 Weight 
(kg) 
M3 Weight 
(kg) 
M1 BP 
(sys/dias; 
mmHg) 
M2 BP 
(sys/dias; 
mmHg) 
M3 BP 
(sys/dias; 
mmHg) 
M1 waist 
circumference 
(cm) 
M2 waist 
circumference 
(cm) 
M3 waist 
circumference 
(cm) 
PPASS 1 169 36 102 96.8 N/A 108/59 143/75 N/A 125 122 
PPASS 2 168 25 70 70 62.4 141/86 129/79 130/85 100 96 88 
PPASS 3 170 34 97.5 92 97.6 155/90 169/86 176/93 113 107 112 
PPASS 4 158 32 80 79.5 76 118/61 135/60 125/60 108 104 103 
PPASS 5 175 21 64.5 65.5 65.5 152/66 147/76 142/71 91 94 94 
PPASS 6 170 30 86.9 85.6 90.3 141/74 144/73 164/72 110 106 111 
PPASS 7 186 24 81.7 80 148/56 133/52 109 99 
PPASS 8 174 29 87 88.1 88 125.5/67 114/63 137/78 107 109 104 
PPASS 9 170 31 90 89.5 88 127/71 124/65 145/84 104 99 99 
PPASS 10 180 28 90 91 92 145/64 153/73 149/73 115 107 113 
PPASS 11 198 40 158 150 150 142/84 143/88 143/88 140 135 135 
PPASS 12 172 32 95.5 87 90.5 136/76 136/70 165/81 116 110 109.5 
PPASS 13 163 28 75 74.5 75 136/78 128/78 139/74 104 106 107 
PPASS 14 164 32 87 89 89 131/87 140/97 135/86 99 102 102 
PPASS 15 165 15 42 131/67 61 
PPASS 16 158 29 73 123/71 106 
PPASS 17 93 150/87 107 
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Walking ability 
M1 10m 
comfy time 
(s)  
M1 10m 
comfy 
speed (m/s) 
M2 10m 
comfy time 
(s) 
M2 10m 
comfy 
speed (m/s) 
M3 10m 
comfy time 
(s) 
M3 10m comfy 
speed (m/s) 
M1 10m comfy 
no steps 
M1 10m comfy av 
step length (m) 
M2 10m comfy 
no steps 
M2 10m comfy av 
step length (m) 
M3 10m comfy 
no steps 
M3  comfy av 
step length (m) 
9 1.11 7 1.43 16 0.63 13 0.77 
7.06 1.42 7 1.43 6.25 1.6 13 0.77 14 0.71 12 0.83 
6 1.67 6 1.67 6.19 1.6155 12 0.83 10 1.00 12 0.83 
8 1.25 9 1.11 8.11 1.233 15 0.67 15 0.67 15 0.67 
25 0.40 11.45 0.87 9.5 1.0526 24 0.42 15 0.67 15 0.67 
7.55 1.32 7.35 1.36 6.78 1.4749 13 0.77 13 0.77 13 0.77 
11 0.91 9.6 1.04 17 0.59 16 0.63 
10 1.00 8.1 1.23 8.4 1.1905 15 0.67 14 0.71 15 0.67 
7 1.43 6.28 1.59 5.98 1.6722 10 1.00 10 1.00 11 0.91 
8.61 1.16 7.75 1.29 7.46 1.3405 13 0.77 12 0.83 13 0.77 
7.25 1.38 6.73 1.49 6.73 1.4859 13 0.77 12 0.83 12 0.83 
7.51 1.33 8.11 1.23 7.53 1.328 14 0.71 14 0.71 14 0.71 
10.8 0.93 8.46 1.18 9.04 1.1062 18 0.56 17 0.59 17 0.59 
6.53 1.53 7.25 1.38 6.83 1.4641 13 0.77 14 0.71 14 0.71 
11.03 0.91 17 0.59 
8.9 1.12 18 0.56 
11.53 0.87 22 0.45 
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Walking ability 
M1 10m fast 
– time (s) 
M1 10m 
fast speed 
(m/s) 
M2 10m 
fast time (s) 
M2 10m 
fast speed 
(m/s) 
M3 10m 
fast time 
(s) 
M3 10m 
fast speed 
(m/s) 
M1 10m 
fast no 
steps 
M1 10m fast 
av step length 
(m) 
M2 10m 
fast no 
steps 
M2 10m 
fast av step 
length (m) 
M3 10m 
fast no 
steps 
M3  fast av step 
length (m) 
7 1.43 6 1.67 13 0.77 12.00 0.83 
5 2.00 6 1.67 5.23 1.91 12 0.83 13.00 0.77 12 0.83 
5 2.00 5 2.00 3.9 2.56 11 0.91 10.00 1.00 10 1.00 
6 1.67 7 1.43 5.85 1.71 12 0.83 13.00 0.77 13 0.77 
15 0.67 8.6 1.16 7.06 1.42 19 0.53 13.00 0.77 12 0.83 
5.68 1.76 6.41 1.56 6.33 1.58 12 0.83 11.00 0.91 12 0.83 
11 0.91 8.5 1.18 17 0.59 17.00 0.59 
7 1.43 7.1 1.41 7.13 1.40 13 0.77 13.00 0.77 14 0.71 
5 2.00 5.01 2.00 5.8 1.72 8 1.25 11.00 0.91 11 0.91 
6.63 1.51 5.71 1.75 6.32 1.58 12 0.83 10.00 1.00 12 0.83 
5.25 1.90 5.32 1.88 5.32 1.88 11 0.91 10.00 1.00 10 1.00 
5.25 1.90 5.85 1.71 5.93 1.69 12 0.83 12.00 0.83 13 0.77 
8.77 1.14 7.88 1.27 8.2 1.22 17 0.59 16.00 0.63 16 0.63 
4.65 2.15 4.98 2.01 4.63 2.16 10 1.00 13.00 0.77 12 0.83 
8.32 1.2 16 0.63 
7.35 1.36 15 0.67 
9.11 1.10 18 0.56 
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Walking ability Questionnaires 
M1 6 min 
walk distance 
(m) 
M2 6 min 
walk distance 
(m)  
M3 6 min 
walk distance 
(m)  
M1 IPAQ 
(0-54) 
M2 IPAQ 
(0-54) 
M3 IPAQ 
(0-54) 
M1 EuroQOL 
(0-100) 
M2 EuroQOL 
(0-100) 
M3 EuroQOL 
(0-100) 
M1 SEE (av) 
(0-10) 
M2 SEE (av) 
(0-10) 
M3 SEE (av) 
(0-10) 
469 518 2 0 70 90 7.3 10 
603 600 629 5 3 1 90 90 90 6.8 8 8.55 
504 698 680 14 0 0 56 75 80 8.5 9.11 9.11 
465 471 487 20 5 5 70 90 85 6.1 6.44 7.89 
230 330 394 39 17 11 30 75 80 1.1 8.33 8.55 
462 462 460 3 0 0 90 80 87 9.44 9.66 9.89 
385 362 8 8 60 70 7.77 9.22 
375 459 474 9 3 5 90 90 78 8.3 7.77 9.44 
590 540 560 3 0 0 90 90 100 8.77 9.33 9.33 
439 511 516 22 9 10 43 77 75 5.22 7.66 8.11 
468 442 442 0 0 0 30 82 82 5.11 7.55 7.55 
477 486 537 15 12 13 80 87 80 8.55 8 10 
370 428 422 16 8 12 60 75 80 3.11 5.11 6.44 
623 690 675 14 6 0 65 90 88 6.11 7.66 8.78 
377 15 50 9.77 
401 25 60 6 
300 24 60 5.44 
 
  
 177 
 
Physical activity 
M1 time mod 
activity (mins/day) 
M2 time mod 
activity (mins/day) 
M3 time mod activity 
(mins/day) M1 steps (av no/day) M2 steps (av no/day) M3 steps (av no/day) 
112 9728 
29 72 72 4672 1974 3364 
36 98 34 6755 6244 4182 
17 34 24 3035 3329 3796 
24 133 120 1718 7578 5305 
24 45 26 3224 8601 3449 
91 110 4744 1605 
41 111 73 5781 8786 8281 
25 72 120 3676 7308 10681 
78 100 27 5590 9392 3016 
93 61 61 9733 3086 3086 
42 44 40 5154 6255 4375 
0 24 10 1006 3322 1138 
209 143 163 7459 4026 8560 
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APPENDIX E 
STATISTICAL ANALYSES  
Study 1 
Rehabilitation unit:  Examination of the probability of initially 
non-ambulatory stroke survivors regaining independent walking at 
3-months by pooling data from 9 studies.  
 
Rehabilitation unit:  Examination of the probability of initially 
non-ambulatory stroke survivors regaining independent walking at 
6-months by pooling data from 3 studies. 
 
Acute Unit:  Examination of the probability of initially non-
ambulatory stroke survivors regaining independent walking at 3-
months by pooling data from 5 studies. 
 
Acute Unit:  Examination of the probability of initially non-
ambulatory stroke survivors regaining independent walking at 3-
months by pooling data from 2 studies.  
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Rehabilitation unit:  Examination of the probability of initially non-ambulatory stroke survivors regaining independent walking at 3-months by 
pooling data from 9 studies 
 
General
Number of studies
Number of participants
RD (IV+t) - Random effects model
Meta-analysis outcome
     95% CI low er limit
     95% CI upper limit
z
     p-value (tw o-tailed)
Heterogeneity
t^2 0.0341
0.4692
0.7222
9.2312
< 0.0001
9
Not available
0.5957
META-ANALYSIS 
Exposed Control Weight Association measure
Study ID Year AM[e]/SE[e] AM[c]/SE[c] (%) w ith 95% CI
Bacciglieri 1995 0.697/0.08 0.697/0.08 10.29% |||| 0.697 (0.5402  to  0.8538)
De Wit 2007 0.464/0.0253 0.464/0.0253 12.00% |||| 0.464 (0.4144  to  0.5136)
Kuys 2009 0.689/0.0608 0.689/0.0608 11.03% |||| 0.689 (0.5699  to  0.8081)
Olsen 1990 0.319/0.0549 0.319/0.0549 11.23% |||| 0.319 (0.2113  to  0.4267)
Paolucci 2008 0.551/0.0238 0.551/0.0238 12.03% |||| 0.551 (0.5044  to  0.5976)
Petrilli 2002 0.871/0.0348 0.871/0.0348 11.81% |||| 0.871 (0.8029  to  0.9391)
Piron 2005 0.154/0.1001 0.154/0.1001 9.45% | 0.154 (-0.0422  to  0.3502)
Singh 2006 0.769/0.0264 0.769/0.0264 11.98% |||| 0.769 (0.7173  to  0.8207)
Viosca 2005 0.792/0.0828 0.792/0.0828 10.18% |||| 0.792 (0.6296  to  0.9544)
META-ANALYSIS: 100% ||||||||||||||||||||||||||||| 0.5957 (0.4692 to 0.7222)
-0.2 0 0.2 0.4 0.6 0.8 1 1.2
RD
Forest plot - RD (IV+t)
 180 
 
Rehabilitation unit:  Examination of the probability of initially non-ambulatory stroke survivors regaining independent walking at 6-months by 
pooling data from 3 studies  
 
 
 
General
Number of studies
Number of participants
RD (IV+t) - Random effects model
Meta-analysis outcome
     95% CI low er limit
     95% CI upper limit
z
     p-value (tw o-tailed)
Heterogeneity
t^2 0.0066
0.5291
0.7655
10.7321
< 0.0001
3
Not available
0.6473
META-ANALYSIS 
Exposed Control Weight Association measure
Study ID Year AM[e]/SE[e] AM[c]/SE[c] (%) with 95% CI
De Wit 0.572/0.0251 0.572/0.0251 50.38% |||||||||||||||||||| 0.572 (0.5228  to  0.6212)
Piron 0.769/0.1169 0.769/0.1169 17.96% |||| 0.769 (0.5399  to  0.9981)
Prevo 0.698/0.07 0.698/0.07 31.66% |||||||||||| 0.698 (0.5608  to  0.8352)
META-ANALYSIS: 100% ||||||||||||||||||||||||||||| 0.6473 (0.5291 to 0.7655)
0 0.2 0.4 0.6 0.8 1 1.2
RD
Forest plot - RD (IV+t)
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Acute Unit:  Examination of the probability of initially non-ambulatory stroke survivors regaining independent walking at 3-months by pooling 
data from 5 studies  
 
 
 
 
General
Number of studies
Number of participants
RD (IV+t) - Random effects model
Meta-analysis outcome
     95% CI low er limit
     95% CI upper limit
z
     p-value (tw o-tailed)
Heterogeneity
t^2 0.0184
0.2657
0.5215
6.0332
< 0.0001
5
Not available
0.3936
META-ANALYSIS 
Exposed Control Weight Association measure
Study ID Year AM[e]/SE[e] AM[c]/SE[c] (%) with 95% CI
Ekstrand 2008 0.4565/0.0734 0.4565/0.0734 17.91% |||| 0.4565 (0.3126  to  0.6004)
Wade 1985 0.641/0.0768 0.641/0.0768 17.54% |||| 0.641 (0.4904  to  0.7916)
Jorgenssen 1995 0.3225/0.0254 0.3225/0.0254 22.38% |||||||| 0.3225 (0.2727  to  0.3723)
Sommerfeld 2007 0.174/0.0383 0.174/0.0383 21.46% |||||||| 0.174 (0.0989  to  0.2491)
Friedman 1991 0.434/0.0466 0.434/0.0466 20.72% |||||||| 0.434 (0.3426  to  0.5254)
META-ANALYSIS: 100% ||||||||||||||||||||||||||||| 0.3936 (0.2657 to 0.5215)
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Acute Unit:  Examination of the probability of initially non-ambulatory stroke survivors regaining independent walking at 6-months by pooling 
data from 2 studies  
 
 
 
 
 
General
Number of studies
Number of participants
RD (IV+t) - Random effects model
Meta-analysis outcome
     95% CI low er limit
     95% CI upper limit
z
     p-value (tw o-tailed)
Heterogeneity
t^2 0.0272
0.4549
0.9227
5.7714
< 0.0001
2
Not available
0.6888
META-ANALYSIS 
Exposed Control Weight Association measure
Study ID Year AM[e]/SE[e] AM[c]/SE[c] (%) with 95% CI
Reid 2010 0.8048/0.0232 0.8048/0.0232 51.43% |||||||||||||||||||| 0.8048 (0.7593  to  0.8503)
Friedman 1991 0.566/0.0466 0.566/0.0466 48.57% |||||||||||||||| 0.566 (0.4746  to  0.6574)
META-ANALYSIS: 100% ||||||||||||||||||||||||||||| 0.6888 (0.4549 to 0.9227)
0 0.2 0.4 0.6 0.8 1
RD
Forest plot - RD (IV+t)
